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Abstract 
This study investigated the decomposition of three pig (Sus scrofa) carcasses in 
the same body of water under lentic and lotic conditions and at variable depths in a 
temperate mixed forest in the Outdoor Research Facility (ORF) in Holliston, 
Massachusetts in the summer months of June and July. Data were collected on the 
invertebrate activity, scavenger activity, water and ambient temperature, stages of body 
decomposition, and the rate of decomposition for each set of remains. Accumulated 
degree days (ADD) and total body scores (TBS) were used to determine two equations, 
differentiated by their microhabitat, with the potential use of estimating the postmortem 
submergence interval (PMSI) in death investigations under similar conditions. The 
aquatic remains reached skeletonization in 45 days and the terrestrial control remains in 
14. Terrestrial and aquatic invertebrate activity was extensive both above and below the 
v 
waterline with 42 families from 17 orders collected and identified. Through the use of 
motion detector cameras the researcher was able to view the activities performed around 
the remains by a blue heron, a coyote, a raccoon, multiple black vultures, multiple turkey 
vultures, multiple squirrels, and multiple American bullfrogs. 
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Introduction 
Taphonomy is the study of biological organisms as they transition from fresh to 
skeletonized remains. This field of study focuses upon the interaction between a set of 
remains and the environment in which they are deposited. Each environment has unique 
characteristics that can alter the remains. Past taphonomic studies have shown that 
certain climatic variables can influence the rate of decomposition. Understanding these 
patterns is important to forensic cases where the rate of decomposition can be a 
significant piece of evidence when identifying the remains and searching for possible 
suspects in homicide investigations. 
Research Models 
Taphonomic studies performed today frequently use nonhuman species that most 
closely approximate the human decomposition process (Payne and King, 1972; Dillon 
and Anderson, 1995; VanLaerhoven and Anderson, 1996; MacDonell and Anderson, 
1997; Davis and Goff, 2000; Benecke, 2001; Wolff, 2001; Anderson and Hobischak, 
2002; Hobischak and Anderson, 2002; Anderson and Hobischak, 2004; Hamond, 2009; 
Notter et al., 2009; Forbes et al., 2010; Goff, 1993, 2010; Dickson, 2011) allowing the 
studies to be related to human decomposition analysis. Pigs (Sus Scrofa) were found to 
be comparable to humans in that they are omnivorous, relatively hairless, have similar 
skin and skin fauna, can be similar in size (Dillon and Anderson, 1995; VanLaerhoven 
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and Anderson, 1996; MacDonell and Anderson, 1997; Hobischak, 1998; Anderson and 
Hobischak, 2002; Hobischak and Anderson, 2002; Gill, 2005; Jong et al., 2010; Dickson 
et al., 2011), and have gastrointestinal bacterial activity as the last stage of digestion in 
their intestinal tract as opposed to autolytic enzymatic action that occurs in many other 
nonhuman species (MacDonell and Anderson, 1997). 
There are, however, variations present within the separate species that need to be 
accounted for. Notter et al. (2009) performed a study to identify the difference, if any, 
between human and pig adipocere. They used infrared spectroscopy to exhibit the 
chemical composition of adipocere that formed on each set of remains. It was 
documented that pig remains decomposed significantly faster than the human remains. 
This difference was attributed to pig adipose tissue triglycerides being composed of 
saturated fatty acids, while human adipose tissue triglycerides are dominated by 
unsaturated oleic, linoleic, and palmitic acids (Hirsch et al., 1960; Notter et al., 2009). A 
study performed by Hirsch et al. (1960) found that human triglyceride composition was 
. . 
related to diet. While both pigs and humans are omnivores and can essentially have the 
same diet, pigs and humans tend to consume different foods which may be reason for the 
variation in triglyceride composition for each species. 
MacDonell and Anderson (1997) noted that there can be an extreme weight and 
size difference between human and pig remains. Anderson and Hobischak (2002) found 
no significant difference in the duration of each decompositional stage and insect 
colonization for pig carcasses that were 162 kg in comparison to carcasses that were 21-
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80 kg; instead, the ambient temperature had more of an impact than the size of the 
carcasses. MacDonell and Anderson (1997) suggest using 50 lb pigs for decomposition 
studies, as these are the equivalent to a male torso, the main site of decomposition and 
insect activity on human remains. Though differences do exist between humans and pigs, 
researchers have accepted pig carcasses as an acceptable substitute for human remains in 
taphonomic, anthropological, and entomological experiments (Carts and Goff, 1992; 
Goff, 1993; Benecke, 2001; Hobischak and Anderson, 2002; Morton and Lord, 2002). 
Stages of Decomposition 
Decomposition of remains on land has been well studied (Anderson, 2010) with 
less focus placed on remains in aquatic environments (Hobischak, 1998; Haglund and 
Sorg, 2002; Anderson, 201 0). Remains in terrestrial and aquatic environments undergo 
the same stages of decomposition transitioning through fresh, bloat, early decomposition 
or early decay, advanced decomposition or advanced decay, and skeletonization 
(Hobischak and Anderson, 2002; Megyesi et al., 2005; Heaton et al., 2010). While these 
stages are similar, they are modified within water environments to account for variations 
encountered in this medium. One obstacle with stage identification in aquatic 
environments is lack of visibility. When the remains are submerged or in a body of water 
that lacks transparency, visual analysis for stage identification can be difficult to perform 
(Merritt and Wallace, 20 1 0). Another problem Anderson (20 1 0) identified was that early 
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decomposition and advanced decay stages do not have a clear delineation between one 
another in water environments. 
A variety of variables differentiate aquatic and terrestrial decomposition and have 
a significant impact on stage determination. In aquatic environments floating remains are 
exposed to terrestrial insects, terrestrial scavengers, and climate. Those portions of the 
body below the waterline are exposed to aquatic invertebrates and scavengers and the 
water environment. These very different conditions around the carcass can have a large 
impact on the decomposition process and the rate at which the body, as a whole, reaches 
skeletonization. It is for these reasons that researchers should not approach the field of 
aquatic decomposition in a manner similar to that of terrestrial decomposition. 
The Postmortem Submersion Interval 
The postmortem interval (PMI) is defmed as the period since death. It is 
estimated for terrestrial decomposition scenes by collecting invertebrates, visually 
assessing the state of the body, and collecting artifacts associated with the remains. In 
aquatic environments the synonym for PMI is postmortem submersion interval (PMSI) 
(Keiper and Casamatta, 2001; Heaton et al., 2010; Dickson et al., 2011). This estimation 
is important to forensic investigations, as it can assist in the identification of the deceased 
and identification of the suspect should the manner of death be determined a homicide. 
Studies performed in aquatic environments have reported PMSI estimation to be 
"difficult or even impossible after a body has been submerged for a period of time" 
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(Anderson 2010: 223). Researchers have attempted to devise systematic ways in which 
to estimate the PMSI but, instead, have identified a large number of variables that have 
an impact on PMSI. These include: insect activity, humidity, ambient temperature, 
scavenger activity, water temperature, salinity, adipocere formation, bacterial and 
chemical content of the water, the presence of current or tidal action, depth of immersion, 
fauna, clothing, and habitat (Payne and King 1972; Dodson, 1973; Haskell et al., 1989; 
Goff, 1993; Haglund 1993; MacDonell and Anderson, 1997; Kahana et al., 1999; 
Anderson and Hobischak, 2002; Haglund and Sorg, 2002; Hobischak and Anderson, 
2002; Love and Marks, 2003; Bass, 2006; Rodriguez, 2006; Carter and Tibbet, 2008; 
Hamond, 2009; Forbes et al., 2010; Heaton et al., 2010; Merritt and Wallace, 2010; 
Simmons et al., 2010; Dickson et al., 2011). Therefore, there are a large number of 
variables that must be controlled or accounted for when conducting studies in an aquatic 
environment. In addition, these variables impact one another and, in tum, can make it 
difficult for researchers to quantitatively identify an accurate method of PMSI estimation. 
Due to this, a method of standardization for all decomposition studies was developed by 
Megyesi et al. (2005) to assist researchers in establishing a PMI or PMSI. 
Standardization 
Megyesi et al. (2005) began work on standardizing decomposition studies by 
documenting two methods that made the estimation of PMI reliable and quantifiable. 
The first was a total body score (TBS), which is a succession of phases observed on 
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remains as they decompose, based on characteristics modified from those of Galloway et 
al. ( 1989). The second was to correlate the rate of decomposition and ambient 
temperature using accumulated degree days (ADD). ADD are useful both in aquatic and 
terrestrial decomposition as they correlate time and temperature (Megyesi et al., 2005). 
Approximately the same amount of decomposition will be present whether the remains 
have been exposed to 50°C for 2 days or 2°C for 50 days, no matter their environment. 
By using these two methods when documenting decomposition, results from studies 
performed in multiple environments under varied conditions can be compared, 
collaborated, and utilized to provide an accurate method to estimate PMSI. 
Heaton et al. (2010) furthered the use ofTBS and ADD in their study reviewing 
past case files from the River Clyde, the River Mersey, the Bridgewater Canal and the 
Manchester Ship Canal, UK. From forensic case files the authors identified TBS and 
ADD for all of the individuals. They found that remains recovered in warmer water 
underwent decomposition faster than those that were found in colder water. They also 
found that the rate of decomposition was similar for all the cases retrieved from each of 
the aquatic environments, and the authors were able to create a linear regression model to 
assist in estimating PMI or PMSI using ADD. 
Simmons et al. (20 1 0) performed a study utilizing ADD and TBS on nonhuman 
remains in surface, buried, and aquatic environments to identify and quantify four 
variables which affect PMI or PMSI. The variables they reviewed were: indoor 
facilities, outdoor facilities, carcass size, and insect activity to determine if any one 
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variable played a disproportionately larger role in the rate of decomposition. Overall, 
they determined that insect activity had the greatest effect on the rate of decomposition, 
and weight lost by the carcass was directly proportional to the amount of insects present 
around it. In addition, a direct correlation was made between ADD and the growth and 
development of insects. 
The benefit of the Megyesi et al. (2005), Simmons et al. (20 1 0), and Heaton et al. 
(20 1 0) studies is that standardized data collection between all environments, even 
aquatic, can be established. In the Simmons et al. (2010) study, aquatic environments 
were used but were classified as having no insect activity. This, they reason, is because 
insect activity occurs when the remains are floating and the majority of decomposition 
occurs when the remains are submerged, causing the insect activity to be unimportant in 
the decomposition process. This classification was consistent with the higher PMSI 
estimation collected from the prior aquatic studies. The increase in the time necessary for 
decomposition to occur in aquatic environments could then be attributed to a lack of 
insect activity. 
Simmons et al. (20 1 0) indicated that there seems to be a significant decrease in 
the amount of insect activity present in aquatic environments in comparison to their 
terrestrial counterparts (Hobischak and Anderson, 2002; Anderson, 2010), which slows 
down but does not cease the rate of decomposition (Vass, 2001). While aquatic insects 
have not been found capable of feeding on human remains, midges (Diptera: 
Chironomidae) have been found burrowed within pig remains in streams and ponds, and 
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researchers are still unclear as to whether they are feeding on the tissue or using it for 
shelter (Haskell and Williams, 2009). This trauma to the remains creates avenues for 
insects to get to the core of the bodies and supplies more surface area to be exposed to 
water and bacteria, which can increase the rate of decomposition. For this reason it is 
necessary for researchers to take aquatic insect activity into account, even if it is 
considerably less than that found in terrestrial environments. 
Forensic Entomology 
Invertebrates are animals without a backbone. They include all animal species 
but those in the Chordate subphylum vertebrata. Arthropods are a taxonomic grouping of 
invertebrates that are in part defined by having an exoskeleton and jointed legs. These 
include insects, arachnids, centipedes, millipedes, and crustaceans. Entomology is the 
study of insects, and forensic entomology is the study of insects for criminal 
investigations. Forensic entomology has been divided into three principal areas based 
upon those areas commonly seen in litigations: medicolegal, urban, and stored products 
(Hall and Huntington, 2010). Research within the medicolegal arena of forensic 
entomology has identified its importance in forensic investigations, primarily, in the role 
it plays in PMIIPMSI estimations (Haskell et al., 1989; Catts and Goff, 1992; Goff, 1993; 
Haglund, 1993; Hobischak and Anderson, 2002; Bass, 2006; Simmons et al., 2010). 
The earliest research on insect succession in aquatic decomposition was 
performed by Payne and King ( 1972) with the goal of documenting the insect activity and 
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the stages of decomposition pig carcasses underwent. Payne and King (1972) placed 
thawed fetal pig carcasses into wire baskets and submerged them in water tanks. They 
documented the insect activity and the stages of decomposition that the remains exhibited 
daily. The stages which they identified were: submerged fresh, early floating, floating 
decay, bloated deterioration, floating remains, and sunken remains. At the end of their 
study they had collected 102 insect species from 37 families. A previous study of porcine 
carcasses placed on the soil surface at this same site had 93 of the same species collected. 
They noted that the maggots on the aquatic remains fed on the carcasses both above 
water and below the waterline by extending their spiracles above the waterline for 
respiration as they fed on submerged portions of the remains. 
Hobischak and Anderson (2002) replicated the Payne and King (1972) study by 
placing eight fresh pig carcasses into two types of freshwater habitats. They recorded 
insect activity, the presence of clothing, carcass size, carbon dioxide levels, pH levels, 
and percent of carcass exposed. Four of the carcasses were at different sites in a flowing 
stream and the rest were in four still ponds. They classified the stages of decomposition 
as: fresh, bloat, decay, post-decay, and sunken. This sequence is different from what 
Payne and King (1972) recorded but can be attributed to one researcher using fresh 
carrion and the other frozen remains. Heaton et al. (2010) used fresh remains and had 
stages similar to that ofHobischak and Anderson (2002), supporting this interpretation of 
variation. 
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Hobischak and Anderson (2002) documented which invertebrates were present at 
each stage of decomposition. When the remains were in the fresh stage, caddisfly 
(Trichoptera) larvae were present on the submerged facial regions of the carcasses. This 
stage is identified by Goff (20 1 0) as when the female blow flies (Calliphoridae) and flesh 
flies (Sarcophagidae) arrive and search for areas inside the remains for ovideposition or 
larviposition. Those eggs deposited inside the remains will begin active feeding on the 
remains internally. It is hard to identify when these activities are occurring, as there is 
little evidence of their presence or feeding activities on the surface of the remains. 
During the bloat stage the abdomen extends and is exposed above the waterline 
(Hobischak and Anderson, 2002). Adult blow flies and maggot masses around the head 
and other primary invasion sites were noted (Goff, 201 0), and carrion beetles (Silphidae) 
have been recovered by multiple researchers in this stage of decomposition (MacDonnell 
and Anderson, 1997; Davis and Goff, 2000; Hobischak and Anderson, 2002; Goff, 2010). 
Davis and Goff (2002) noted that during the bloat stage the maggot masses (blow fly 
larvae) were deposited on the remains, causing the internal temperature of the remains to 
increase. Hobischak and Anderson (2002) and MacDonnell and Anderson (1997) 
recorded that the remains were un-colonized underneath the waterline. 
By the decay stage Hobischak and Anderson noted that fewer maggots were 
present; however, Goff (20 1 0) noted that during this stage, there are large feeding masses 
of maggots, internally and externally, and some fall to the ground beside the body. Goff 
(2010) also noted that while beetles (Coleoptera) were present in other stages, it is during 
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the decay stage when they increased in number and were evident around the remains 
along with other predators and necrophages, especially the Staphylinidae and Histeridae 
families. The end of this stage is identified by a decrease in maggot activity. The 
maggots migrate away from the remains to begin pupation in the surrounding soil. In 
aquatic environments this can difficult if the remains are far from the shoreline. 
Hobischak and Anderson (2002) reported for their aquatic remains that they did not 
collect dead blow fly larvae but detected a decrease in their numbers. MacDonnell and 
Anderson (1997) stated that with their aquatic remains there was a high rate of blow fly 
mortality observed during this phase. 
In the post-decay stage the skin, cartilage, and bone are all that are left of the 
remains. Depending on the environment various groups of Coleoptera will be located 
around the remains, and the most common in terrestrial habitats is the Dermestidae 
family in both adult and larvae stages (Goff, 2010). For wet habitats the Coleoptera are 
normally not successful; instead, the dipteran Psychodidae family and their respective 
predator/parasite complexes are present (Goff, 2010), making a diverse invertebrate 
population inhabiting the remains (Hobischak and Anderson, 2002). 
The last stage noted for aquatic remains is that of sunken or skeletal remains. 
This is identified as the stage in which the remains sink (Hobischak and Anderson, 2002) 
or solely the skeletal material and hair remain (Goff, 2010). In terrestrial environments 
entomologists review soil-dwelling taxa to estimate the time since death (Goff, 2010). In 
aquatic environments during this stage entomologists would review the benthic 
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invertebrate taxa present at the bottom of the aquatic site that would consume the remains 
including aquatic "earthworms, snails, and nymphal mayflies and stoneflies" (Hobischak 
and Anderson, 2002:144). 
Remains deposited in outdoor habitats can serve a variety of ecological functions 
to the flora and fauna around them. Merritt and Wallace (20 1 0) noted that the remains 
may serve as a source of food and, a sheltered microhabitat for non-scavenging species, 
while drawing secondary predators to the original scavengers sheltered at the remains, 
providing a substrate for primary producers to colonize and grow, and attracting 
invertebrate grazers to the bacterial or algal biofilms on the remains. These possibilities 
vary with the state of decomposition of the remains, the body of water and position of 
remains in that body of water, and the flora and fauna present. 
Goff(1993, 2010), Catts and Goff(1992), and Wolffet al. (2001) have named 
five categories of relationships seen between invertebrates and decomposing bodies. The 
first of these is the necrophagous species that feed upon the remains. These include blow 
flies (Calliphoridae), flesh flies (Sarcophagidae) and beetles (Coleoptera:Silphidae and 
Dermestidae ). The second group is comprised of the predators and parasites of 
necrophagous species. These include beetles (Coleoptera: Silphidae, Staphylinidae, and 
Histeridae ), true flies (Diptera: Calliphoridae, Muscidae, and Stratiomyidae) and wasps 
(Hymenoptera). 
The last categories Goff (1993, 201 0) describes are the omnivorous species, 
adventives species, and accidental species. The omnivorous species feed on both the 
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corpse and the associated invertebrates, including wasps, ants, and some beetles. The 
adventives species are those that use the corpse as an extension of their own normal 
habitats. These include springtails (Collembola), spiders, centipedes, and millipedes. 
The last group is made up of the arthropods that are found on the body but do not have a 
real relationship with the body, called the accidentals. These may have fallen onto the 
remains from surrounding vegetation or are aerial arthropods that are simply resting on 
the remains. 
Haskell and Williams (2008) and Merritt and Wallace (20 1 0) reviewed aquatic 
insects and how their different behaviors, phenologies, responses to water quality, and 
geographic distributions can be used in forensic investigations. They noted that aquatic 
insects can be identified down to genus and species, which can be utilized to estimate 
PMSI and identify if remains were moved from one water source to another. Some 
examples of this indicator of remains movement are with the caddisflies (Trichoptera), 
which are only present in fast-moving water. Their casings can indicate if a body was 
moved from different water sources or even different sections of one body of water like a 
riffle to a pool. Newly emerged adult mayflies (Ephemeroptera) and stoneflies 
(Plecoptera) are sensitive to water pollution and will only be recovered in clean, cool, 
running streams. Black flies (Simuliidae) are always found in running water. Other 
aquatic insect species require blood meals and can have blood extracted from their crops 
for use in identifying the DNA of a decedent, linking a scene with the remains. 
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In terrestrial environments insect succession is used as the primary indicator of 
PMI. In recent aquatic studies researchers have noted that insect succession is not a good 
indicator of PMSI due to species being present for very large intervals throughout the 
decomposition process (Hobischak and Anderson, 2002). Also, aquatic species seem to 
colonize remains in relation to the seasons of the year, not the stage of decomposition 
(Hobischak and Anderson, 2002). Seet (2005) stated that aquatic insect activity is 
dependent on environmental conditions and rarely follows a predictable pattern. Haskell 
and Williams (2008) noted that to date there has not been a statistically significant 
method developed to relate PMSI with insect succession. 
Adipocere Formation 
Adipocere is a substance made by the postmortem decomposition of body fats 
(Sledzik, 2006). The formation of adipocere has been attributed to remains in warm, 
moist environments with adipose tissue and bacteria present (Kahana et al, 1999; Vass, 
2001; Fiedler and Graw, 2003; Marks and Tersigni, 2005; Clark et al., 2006; Manhein, 
2006; Mundorff et al., 2006; O'Brien, 2006; Rodriguez, 2006; Hamond, 2009; Notter et 
al., 2009; Forbes et al., 2010). The formation of adipocere can be a good indicator of 
PMSI (Kahana et al., 1999). This is attributed to a difference in the physical and 
chemical composition of newly developed adipocere appearing as soft and greasy with 
high levels of unsaturated fatty acids, while older adipocere is stable and brittle and is 
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made up of saturated and hydroxyl-fatty acids (Haglund, 1993; Kahana et al. 1999; 
Forbes et al., 2010). 
Seet (2005) conducted research on estimating PMSI by reviewing autopsy reports 
of human remains in freshwater habitats. On these reports 31 variables were reviewed 
and documented in an absent/present system. Purge, hair slippage, and marbling were 
identified as being helpful in determining the PMI to either greater than 48 hours or less. 
It was found that certain postmortem changes occur soon after death, while others are 
later in the PMI. She concluded that a sequence of decomposition could be established. 
Forbes et al. (2010) conducted a study in Lake Ontario from the months of 
September to December. They submerged 18 pork hind legs into the trophogenic zone of 
the lake. Nine were anchored through the tibia, some at 10 feet and the others at 30 feet; 
this was to allow the researchers to view how water depth impacts adipocere formation. 
Infrared spectroscopy was used to identify if adipocere was present and its chemical 
composition was to indicate its stage of formation. Their results showed that depth did 
not significantly affect adipocere formation; they did confirm that using infrared spectra 
can chemically confirm adipocere formation, and that adipocere formation stopped when 
in water cooler than 16° C. 
In disagreement with the above temperature findings Kahana et al. (1999) 
described an analysis of 15 bodies recovered from the cargo ship Mineral Dampier that 
sank in the East China Sea, which has a water temperature of -10-12° Cat that depth. 
Thirteen of these sets of remains were submerged for 433 days and were removed and 
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stored at -20° C. Researchers documented the postmortem changes displayed by each set 
of remains and the number of days that they had been in the water. They found that as 
remains advanced in decomposition it became harder to estimate PMSI. Since the PMSI 
and environmental conditions were known for each set of remains, researchers could 
review adipocere formation in relation to PMSI. 
Kahana et al. (1999) reviewed the tissue visually and histologically, documenting 
initial adipocere formation 38 days after the accident. Saponification of the subcutaneous 
tissue was apparent after 68 days, and extensive adipocere formation with a thin hard 
crust covering was detected 109 days after submersion. Friable and hard adipocere was 
recorded on remains retrieved after being submerged for 433 days. With this information 
Kahana et al. (1999) stated that more research needs to be performed before adipocere 
formation is useful to determine PMSI. 
A similar study was described in Lewis et al. (2004) in which seven intact and one 
partial set of remains were recovered months after a collision between the Japanese 
fishing boat Ehime Maru and the USS Greenville. Investigators reported that the intact 
remains showed various degrees of decomposition including partial skeletonization, early 
to late stages of decomposition, and autolysis of internal organs. Six out of eight showed 
signs of adipocere formation after 249-269 days of submersion. All remains were in 
different compartments, but kept at 5-6° C until the boat was moved closer inland to 
approximately 25° C water. Also, the remains were unable to float to the surface during 
16 
the bloating phase of decomposition due to being entrapped in their respective 
compartments. 
The remains that were recovered and exhibited adipocere formation did so in less 
than 12 to 18 months which is consistent with the remains analyzed by Kahana et al. 
(1999), contradicting past published work on cold water climates and the rate of 
adipocere formation. This faster rate of formation could be attributed to the movement of 
the remains to water that was 20° C warmer than to what they had previously been 
exposed. 
While these studies advocate using adipocere formation for PMSI estimation, 
Fiedler and Graw (2003), Haglund and Sorg (2002), and Notter et al. (2009) state that 
adipocere formation is an unreliable source for PMSI estimation. Haglund and Sorg 
(2002) and Notter et al. (2009) attributed this to inconsistencies presented in published 
data. Fiedler and Graw (2003:297) noted that a great number of factors play a role in its 
formation including: "individual characteristics of the corpse (sex, weight, age, cause of 
death), the mode ofburial (coffin, depth of submersion, presence of clothing), and the 
environment (parent material, soil texture, water, air and heat budget)." 
More research in individual habitats will assist researchers in isolating what 
factors are reliable for PMSI estimations that need to withstand the scrutiny of a legal 
setting (Haskell et al., 1989; Mann et al., 1990; Catts and Goff, 1992; Hobischak and 
Anderson, 2002; Anderson and Hobischak, 2002; Marks and Tersigni, 2005; Rodriguez, 
2006; Goff, 2010). This project adds new PMSI data by reviewing three sites in a 
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temperate forest habitat. The same water fed all three sites, but depth of the water, sun 
exposure, insect activity, and water flow differentiated each site from the other. It was 
these variables that will be reviewed in this study to better understand their impact on 
decomposition. 
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Materials and Methods 
The five experimental sites were in a temperate mixed deciduous forest in the 
Holliston Outdoor Research Facility (ORF) in Massachusetts, owned by Boston 
University. Two carcasses were placed in an artificial, freshwater pond created 
approximately one century earlier and previously used for flooding cranberry bogs. The 
pond itself was irregular shape and had lily pads at its center with reeds lining its western 
shores. Its northern shores were shaded by trees. The water in the pond was transparent 
with varying degrees of water flow depending on the time of year. In this environment 
there were numerous dragonflies (Common Whitetail, Libel/a lydia; Eastern Pondhawk, 
Erythemis simplicicollis; Eastern Amberwing, Perithemis tenera; Blue Dasher, 
Pachydiplax longipennis; Yellow-legged Meadowhawk, Sympetrum vicinum), tadpoles 
and frogs from the bullfrog species Rana catesbeiana, snails (Physa spp., 
Prosobranchia:Bithyniidae), snapping turtles (Chelydra serpentina), as well as blow flies 
(Calliphoridae) and mosquitoes (Diptera: Culicidae). 
One carcass was placed in the reeds at the western bank of this pond where it had 
full sunlight, referred to as the Shallow Pond (SP) remains (Figure 1). The second was 
placed in an area shaded by trees with deeper water, the littoral zone of the pond. 
Underneath the remains was a large mass of leaf litter from the surrounding oak and 
maple trees. This was designated the Deep Pond (DP) remains (Figure 2). 
The third carcass was placed in the stream fed by the pond through an artificial 
dam gated with corrugated ply board and cement. The stream had alternating riffles and 
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pools as well as overhanging terrestrial vegetation. Near the shores the sediment was 
sandy with larger rocks covered by green moss on their exposed sections and sediment on 
submerged sides. On the banks of the stream there was a large amount of vegetation 
supporting a number of Ebony Jewelwing damselflies (Clopteryx maculata), snails 
(Physidae spp.) and bullfrogs. This carcass was referred to as the Stream remains (Figure 
3). 
The last two carcasses acted as controls and were placed in two separate terrestrial 
environments. One was further away from the pond and the stream in a field with a large 
amount of leaf and plant litter and was exposed to varying amounts of sunlight 
throughout the day, referred to as Al remains (Figure 4). The second was in a more 
shaded region next to the stream bed, away from the aquatic sites and referred to as A2 
remains (Figure 5). 
The day before carcass placement, and each collection day following, pictures and 
notes were taken to document the physical characteristics of the remains and invertebrate 
samples taken by use of a muslin insect net (Figure 6). 
Aerial invertebrates were collected through aerial sweeps. The aquatic 
invertebrate samples were collected through dip netting and hand collection. Benthic 
invertebrates were collected using a plastic container (Figure 7). The collected 
invertebrates were separated in a plastic container and preserved in vials with 95% 
ethanol. Labels designating the date, time, location of collection, and climatic variables, 
were situated both inside the vials and attached to the outside for identification purposes. 
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The aerial and terrestrial invertebrates were placed in kill jars with ethyl acetate and later 
moved into vials with 70% isopropyl alcohol until identification was made. After 
identification they were pinned to the right of the midline of the abdomen and placed in 
an insect box (Haskell et al., 1989; McCafferty, 1998; Voshell, 2002; Dupras, 2006; 
Amendt et al., 2009; Byrd et al. 2010; Byrd and Castner, 2010; Thorp and Rogers, 2011). 
The pigs were obtained from the Tufts University Cummins School ofVeterinary 
Medicine and euthanized by the herdsman using captive bolt, an IACUC approved 
humane means of sacrifice. They were then delivered from Grafton, Massachusetts to the 
Boston University ORF. Upon arrival the three aquatic porcine carcasses were placed in 
porcelain-coated wire dog kennels, from iCrate © (24"x 18"x 19"), to protect them from 
large predators but still allow access to the remains by invertebrates. Once in these cages 
they were placed at their designated sites, making sure that their heads were submerged 
and the waterline divided the cage into superior and inferior halves so they could either 
float or sink. The two terrestrial control carcasses were placed at their designated 
locations and covered in chicken wire held down by 6 wooden stakes to protect them 
from large scavenger activity (Figure 8). 
At each site there was a motion-activated video camera to view scavenger activity 
around the remains (Bushnell© Trophy Cam, model number 119435c) (Figure 9), a 
structure to protect the remains from large animal scavenging, and a data logger (Onset 
Inc.) to document the ambient temperatures around the two terrestrial control carcasses 
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and the water temperature around the aquatic carcasses. At the aquatic sites the data 
loggers were tied with twine to the bottom of the cage close to the head of each carcass. 
Data Analysis 
ADD and TBS for each set of remains were used to determine the rate of 
decomposition and compare the different environments. To determine ADD a weather 
station, Solar module DVS-1.4 (Figure 1 0), was placed in an open area near both of the 
control terrestrial carrion to document the daily temperatures, wind direction, humidity, 
wind speed, and other general information about weather conditions at constant intervals 
throughout the experiment. ADD for the terrestrial control remains were determined 
using this weather station. ADD for the aquatic remains were determined utilizing 
temperature data from data loggers submerged next to the head of each. To calculate 
ADD the highest and lowest temperature reading for each day were placed in an Excel 
spreadsheet where the mean temperature for each day was determined. ADD were 
determined using the formula: 
N 
ADD= ~L.xi = xl + Xz + ... + XN N 
i=l 
where xi is the average of the high and low temperatures for the lh day, and N is the 
number of days. This determined ADD for each set of remains during the whole 
decomposition process. The data set for the aquatic remains was based off of the 
readings given by the data loggers. A univariate analysis of variance was performed for 
22 
each of the aquatic sites to compare data taken by the weather station to those of the 
water around the remains to identify if there was a significant difference present between 
the readings. 
TBS 
TBS was determined following Megyesi et al. (2005) by examining the three 
anatomical regions of the body and comparing the characteristics present in those areas to 
the stages and characteristics described in the corresponding tables. A point value was 
assigned to each successive characteristic of decomposition. After each anatomical 
section had been reviewed the sum of all of these scores was used to determine the TBS 
for that set of remains (Table 1- Table 3). 
Using a multivariate independent t-test each of the sites was compared for 
statistical significance using the statistical program SPSS 16.0. Graphs were made using 
Excel to compare the ADD and TBS of each set of remains in their separate 
environments. With each graph a regression model could be used to fmd the slope and y-
intercept of the regression line and calculate the 95% confidence interval. With this 
equation the ADD can be determined and the PMSI inferred by taking the sum of the 
average daily temperatures from the date the body was recovered and retroactively 
calculating the PMSI. Through this method an equation was established for the sites that 
could later be used by forensic investigators in establishing PMSI estimations. To use 
this formula for PMSI estimations researchers need to identify the environment in which 
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the remains were recovered, TBS, and the weather data from a nearby recording source 
before collection. 
Invertebrate and Scavenger Activity 
Invertebrate collections were performed the day before placement and daily for 
the first two weeks. For the following weeks collections were performed once a week 
until skeletonizationlsubmersion occurred. During these collections the researcher 
documented the invertebrates present at each site, their position relative to the remains, 
the stage of decomposition of the remains when each invertebrate was recovered, 
utilizing stages outlined by Goff(2010) and, Hobischak and Anderson (2002), and the 
stage of development of the invertebrate when collected. The video camera allowed the 
researcher to differentiate bodily changes caused by large scavenger activity from that 
caused by invertebrate activity and the bacterial putrefaction. 
Due to certain species not being morphologically distinct (Byrd and Castner, 
201 0) some invertebrates collected were identified only to the genus level. Identification 
of the invertebrates was performed using a dissection microscope, an illuminated Ioupe, 
and multiple dichotomous keys. 
24 
Results 
During the observation period of 45 days the ambient temperature ranged from 
48.7°F to 99.6 °F (mean 69.8, standard deviation± 9.31 °F), air humidity ranged from 
38% to 100% (mean 84.3, standard deviation± 15.2%). Water temperature for the DP 
site ranged from 58.8°F to 91.8°F (mean 72.5, standard deviation± 6.1 °F), the stream 
62.1 °F to 92.4°F (mean 70.5, standard deviation± 5.6°F), and the SP site ranged from 
55.2°F to 137.2°F (mean 76.5, standard deviation± 15.1 °F). Rain was recorded 31 times 
bytheweatherstation,ondays: 1,5, 10, 11, 12, 13, 14, 17,26,27,31,32,36,41,43,and 
44. 
Summary of Bodily Changes 
The aquatic remains underwent decomposition and reached skeletonization within 
45 days. This is significantly slower than the terrestrial control carcasses which took 13-
14 days to reach skeletonization. This difference in decomposition rate is consistent with 
past reports made by Anderson and Hobischak (2002) in comparing aquatic 
decomposition and terrestrial decomposition in the same area. 
Prior to placement in the water the three aquatic remains showed signs of rigor 
mortis and slight distention of the abdomen. The DP remains exhibited signs of livor 
mortis (Figure 11). TBS for all was identified as fresh according to Megyesi et al. 
(2005). Within a matter of hours after placement the stream remains had silt accumulate 
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on the areas of the body that were submerged. This silt accumulation increased 
throughout the project making it difficult to view the head and limbs on certain days . 
On day 2 the SP and DP remains were unremarkable (Figure 12 and Figure 13). 
The stream remains exhibited a green discoloration localized at the center of the 
abdominal region (Figure 14), indicating that it had advanced from the fresh stage to 
early decomposition. This green discoloration is due to gas production during 
putrefaction causing sulfhaemoglobin to form. During putrefaction the soft tissues are 
destroyed by micro-organisms, resulting in the catabolism of the tissues into gases, 
liquids and simpler solid molecules (Vass, 2001; Marks and Tersigni, 2005; Goff, 2009). 
The green discoloration was apparent in the SP remains on day 3 along with purging at 
the nostrils, and the DP remains had a green discoloration at the umbilical quadrant of the 
abdomen on day 5. 
On day 7 the SP remains had a brown/black color on the face with caving in due 
to maggot activity. Organ expulsion had occurred at the abdomen, and the exposed 
organs were undergoing mummification (Figure 15 and Figure 16). A decomposition 
odor had become apparent. The stream remains above the waterline had a pink/orange 
color, while the submerged portions were brown/black from sediment accumulation. The 
abdomen remained green in color with organ expulsion of the small intestine apparent 
(Figure 17). The DP remains still had abdominal distention. The mouth and nose were a 
dark red color and the limbs a dark pink color, with the rest of the body as white/light 
green. Blow fly activity was present at the nostrils and the mouth. 
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On day 9 the head of the SP remains was black with extensive bone exposure. 
The neck and forelimbs were orange and black with the forelimbs exhibiting a leathery 
appearance. The abdomen and hindlimbs were white/pink in color, and significant skin 
slippage was occurring along the back (Figure 18). Around the remains there was a 
strong decomposition odor. The stream remains had insignificant changes with the snout 
and limbs still submerged with sediment accumulation. The DP remains were bloated, 
the abdomen was white/pale green in color, and the head, neck, and limbs were 
brown/dark pink in color. Maggots were positioned on the abdomen around the umbilical 
region and laterally around the abdomen in a "hull's eye" shape (Figure 19). 
On day 11 the water level increased at the SP site, and the head and neck regions 
changed from orange and black to light pink in color. The left lateral abdomen, left 
proximal hindlimb, and the internal organs were no longer present. The bones from the 
left side sank or were suspended on the soft tissue of the right side, which was still 
submerged. The skin of the left side remained floating at the waterline with pockets of 
maggots positioned vertically within them (Figure 20). The stream remains were 
pink/white in color on the most elevated portion of the left lateral abdomen which was 
surrounded by sediment accumulation. The limbs, inferior abdomen, and facial regions 
were black in color and the smell of decomposition was strong. At the DP site the 
remains were floating at the top of the kennel. The head, anterior neck, back and left 
lateral hindlimb were submerged with dark black sediment accumulation. The abdomen 
had extensive maggot activity. 
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Day 13 the SP remains displayed skeletonization of the head and had little soft 
tissue remaining at the thorax which was a pink/brown color. The ribs and vertebrae 
were exposed. The skin on the forelimbs and right hindlimb were dark brown in color. 
The odor was still strong around the remains. At the stream remains no significant 
changes had occurred since day 11. The DP remains underwent extensive physical 
changes, with the posterior neck and thorax changing from a pink color to vivid 
red/orange and black at the torso. The abdomen had begun to cave in from the maggot 
activity. The head was black and partially submerged with possible adipocere formation 
occurring around the mouth. 
On day 16 the AI and SP remains had reached skeletonization. At the SP site the 
soft tissue at the thorax and forelimbs was black/dark brown in color and the skeletal 
elements were bleached white. The skin on the anterior portion of the forelimbs had split 
and the carpals began to disarticulate (Figure 21 ). The stream remains were dark pink 
cranially, progressing to a light pink/orange color caudally. The posterior abdomen and 
superior hindlimb had maggot masses and were beginning to cave in. At the DP site the 
stomach was caved in, the carcass had submerged, and on the waterline there was foam 
over the area. The maggot mass had migrated to the neck and head region. The left 
hindlimb was dark red in color, and adipocere was becoming more apparent on the neck. 
By day 20 the water level had decreased significantly at the SP remains and it was 
dry under the remains. The skin on the upper torso and left forelimb was leatherized. At 
the stream the lateral left side of the remains was consumed by maggots . The left ribs, 
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which were still articulated to the vertebrae, were protruding out of the water. The 
maggot masses had moved so they were vertically positioned to consume soft tissue 
below the waterline at the head, neck, and abdomen. The head, the lateral right side, and 
the limbs remained submerged and were covered in algae. Foam was present near the 
maggot mass at the head/neck region (Figure 22). The head of the DP remains had caved 
in, the forelimbs had disarticulated, and the hindlimbs had submerged and were red in 
color. Extensive maggot activity was present at the head, torso, lumbar and posterior 
abdominal regions (Figure 23). 
On day 24 the SP remains had not changed from day 20. The stream remains 
were submerged in the abdominal region and covered in algae. The skin and internal 
organs and were floating at the waterline. Adipocere formation was visible at the neck, 
the superior thorax, and along the back. The DP remains had adipocere at the head, neck 
and back. The internal abdominal organs were still present. There was extensive bone 
exposure at the abdomen, and disarticulation of the skeletal elements was occurring. This 
extensive bone exposure is consistent with skeletonization. 
On Day 30 the SP remains had no significant changes since day 24. The stream 
remains had extensive adipocere present on the areas of the body still above the waterline 
(the neck, superior forelimb, and anterior back) and the rest of the body was submerged, 
intact, and covered in algae. The DP remains had a vivid red color in the water around 
them. The internal organs were decreasing in size due to maggot activity. 
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On day 37 the water level decreased making it possible to see the submerged 
stream remains. The whole body was submerged except the anterior torso and posterior 
limb, which were covered in adipocere. The rest of the remains were covered in 
sediment and algae. The DP remains were submerged. The vertebrae and hindlimb 
bones had mold developing. On day 38 the stream remains had adipocere along the back 
that had taken on a red/purple color. The rest remained unchanged. On day 44 a red 
color was present in the water around the stream remains, and the there was an outline of 
the adipocere on the back visible above the waterline (Figure 24). By day 45 the stream 
remains submerged below the waterline. All three aquatic remains were removed from 
their perspective sites on this day and photographs taken to document the elements 
present (Figure 25-Figure 27). 
TBS 
TBS was calculated for each set of remains on every collection day and reviewed at the 
end of the experiment (Figure 28- Figure 32). The rate at which each set of remains 
underwent each stage was determined following Megyesi et al. (2005) (Table 1- Table 3). 
These data support the subjective visual assessment that there was variation in the rate of 
decomposition at each of the aquatic sites. 
The remains at the SP site underwent the stages faster than the other aquatic sites 
reaching skeletonization on day 16 when the bones were dry and the skin had a leather 
appearance. This rate of decomposition corresponded more closely with the terrestrial 
30 
control sites than the other two aquatic sites. The terrestrial control sites were more 
consistent with each other, having bone exposure of more than half of the remains by 
days 12 and 13, and drying ofbone with skin leatherization by days 13 and 14. The DP 
remains had organ expulsion on day 11, adipocere formation on day 15, and reached the 
skeletonization stage by day 20. The stream remains had the earliest signs of marbling at 
the stomach but did not have organ expulsion until day 7, bone exposure of more than 
halfthe skeleton until day 20, adipocere formation between days 16-19, and 
skeletonization by day 44, and it sank below the waterline on day 45 (Table 4). 
ADD 
ADD for each of the sites were determined using the weather station and the data 
logger positioned at each of the aquatic sites (Table 5). A univariate analysis was 
performed with the data from the weather station and the data loggers to determine if 
there was a significant difference in the temperature data recorded by each method for the 
aquatic sites. The results indicate an overall significant difference in temperatures [F(3, 
180)=7.403, p<0.05)] (Table 6). The univariate analysis ofvariance was followed up 
with a post hoc analysis using Fisher's least significant difference (LSD). This test 
identified that the SP site was significantly higher in temperature than the stream, DP, 
and terrestrial control sites (Table 7 and Figure 33). Due to this difference a regression 
was performed for each site using the weather station data for the DP, stream, and 
terrestrial control sites (Figure 34-Figure 37) and the data logger for the SP site (Figure 
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38). Through these analyses the following equations for PMSI estimation were identified 
using Heaton et al. (2010)'s equation: 
A1 : y = 24.49x-47.979 
A2: y = 21.803x-42.175 
DP: y = 15.19x-27.077 
SP: y = 21.63x-39.767 
Stream: y = 13.359x-22.587 
-where y =ADD and x = TBS. 
Invertebrate Activity 
Prior to the placement of the remains water samples were taken to identify the 
abundant aquatic invertebrates that were present in the areas prior to the experiment. On 
the first testing there were 12-17 invertebrate families collected from each of the aquatic 
sites, including sediment, aquatic, aerial collections. As the experiment progressed the 
amount of invertebrate activity increased when those with zoophagous tendencies began 
to arrive. In all the invertebrates collected represented 33 families and 13 orders. 
Blow flies have been found to locate and colonize human and nonhuman remains 
within minutes of exposure (Byrd and Castner, 2010), if given access. Single blow flies 
were noted on the aquatic remains when they were on the shore before placement into the 
water. When placed into the water the head was submerged, restricting insect activity to 
the mouth. From day 1 to 5 there were few adult blow flies present around the aquatic 
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remams. On days 5 through 7 the aquatic remains had an increase in blow fly activity 
when they showed signs of abdominal distention and discoloration in the abdominal area. 
On day 5 blow flies had deposited eggs on the heads of both terrestrial control remains. 
Blow fly eggs were noted on all three aquatic remains on day 7. Maggot masses were 
present on the terrestrial remains on day 5, the SP remains on day 7, and the stream and 
DP remains on day 9. Blow fly and maggot activity ended on day 16 for the terrestrial 
control remains. Four days later blow flies and maggots were not visible on the SP nor 
DP remains, and on day 24 they were absent from the stream remains. 
The invertebrate activity for each of the aquatic sites and the respective stage of 
decomposition of the remains were recorded, following the methods of Megyesi et al. 
(2005) (Table 8-Table 1 0). All three had similar aquatic activity with water striders 
(Hemiptera: Gerridae ), aquatic sow bugs and scuds, blow flies and their respective 
maggots, and snails (Physa spp.). At both pond sites the American bullfrog tadpoles 
were numerous, yet none were noted at the stream. Dragonflies (Sympetrum vicinum, 
Pachydiplax longipennis, Libel/a lydia, Erythemis simplicicollis, and Perithemis tenera 
were present at both of the pond sites, and damselfies (Clopteryx maculata) were present 
at the stream. A large number of the aquatic insects were larvae of these species. 
Aquatic invertebrate taxa that were present below the waterline at all of the 
aquatic sites prior to and during the decomposition phase included: predaceous diving 
beetles (Coleoptera: Dystiscidae), aquatic sowbugs (Caecidotea spp.), giant water bugs 
(Lethocerus americanus), midge larvae (Diptera: Chironomidae), scuds (Ampipoda: 
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Crangonyctidae), dragonfly and damselfly larvae, snails (Physa spp., Prosobroanchia: 
Bithyniidae) and leeches (Annelida: Hirudinae). 
Other Scavenger Activity 
Scavengers that were identified around the SP remains included a raccoon 
(Procyon lotor), a great blue heron (Ardea herodias), and a coyote (Canis latrans). At 
the stream site a turkey vulture (Cathartes aura) was sighted on a branch above the 
remains, and squirrels (Sciuridae) ran along the shoreline, triggering the camera. At the 
DP site there was a large number of bullfrogs that increased as the project progressed, 
and a muskrat (Ondatra zibethicus) was sighted in the pond on day 3ih, but it did not 
show interest in the remains (Figure 39). At the control terrestrial sites there were 
squirrels, black vultures (Coragyps atratus), and turkey vultures (Cathartes aura) around 
the remains. The black vulture and turkey vultures pecked triangular-shaped holes and 
removed tissue from both Aland A2 remains, .and this type of feeding damage has been 
cited as typical (Rodriguez, 2006). 
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Discussion 
In the first 3 days of the project a slow decomposition rate was noted for the DP 
remains. This delay was expected due to two variables: the depth of the water and 
limited sunlight. The DP remains were positioned at the northernmost shoreline of the 
pond in the shade of the trees. The SP remains were positioned in an area that did not 
have tree cover and received sunlight during the day. The stream remains, like the DP, 
were placed in an area with extensive tree cover causing them to be shaded during most 
of the day. 
The second variable that was taken into account was the depth of water around the 
remains. While none of the remains were positioned deeper than 3 feet, so the kennel 
would not restrict the flotation/submersion pattern, the DP remains were positioned close 
to the center of the pond where the water level was significantly deeper than the other 
two sites. The stream remains were positioned in the center of the stream, which ranged 
in depth from 1-1 .5 ft . The SP remains were positioned in an area that underwent sever e 
fluctuations in water levels, ranging from 0-1.5 ft. 
It was hypothesized that the limited sunlight and increased water depth would 
significantly decrease the rate of decomposition. This was supported by the data loggers 
that identified the daily temperatures between the DP and stream sites as comparable, 
while those taken at the SP site were not. The weather station readings and the data 
logger data were comparable for all of the sites except the SP, which could signify that 
this data logger was not reading correctly, or the area around the SP remains was 
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significantly hotter during the day than the other 4 sites with a maximum of 137.2°F on 
day 40. It is likely that the high sun exposure along with the dark black sediment under 
the remains caused the ambient temperature around the SP remains to be significantly 
higher than other areas in the Holliston Facility, which accelerated decomposition, 
similar to results noted by Dillon and Anderson (1995) and Anderson and Hobischak 
(2002). 
Stages of Decomposition 
In a study conducted at the Anthropological Research Facility in Knoxville, 
Tennessee human decomposition was reviewed with three sets of human remains 
submerged in three separate holes filled with freshwater. The researchers O'Brien and 
Kuehner (2007) noted that none of the remains followed the stages of decomposition that 
are commonly described: floating, sinking, putrefaction, subsequent reflotation, 
differential decomposition, and the final sinking. In the current experiment a similar 
problem occurred, with none of the remains following the commonly described stages of 
decomposition. 
On day 1 of the project all three aquatic remains floated when they were 
introduced to the water and continued to float into the skeletonization phase. Payne and 
King, (1972), Hobischak and Anderson (2002), Chin et al. (2008), and Anderson (2010) 
noted that flotation occurred when the porcine carcasses were introduced to the water and 
within hours all, or the majority, sank. They resurfaced when they reached the bloat 
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stage. O'Brien and Kuehner (2007) conducted their study with human remains and found 
that of the three sets of remains, one sank immediately and never resurfaced and the other 
two never sank. 
Twelve porcine carcasses were used by Anderson and Hobischak (2002) in their 
project to review carcasses in saltwater at 25 ft and 50 feet in the sea near Popham Island, 
British Columbia. At each depth three carcasses were bound with nylon rope to secure 
them to the sea floor. The researchers noticed that when the carcasses were placed at the 
desired depth, regardless of what depth the carcasses was placed, one would immediately 
sink and the other two would float as far as their ropes would allow. Those that sank 
would then float by day 30 when enough gas had built up in the gastrointestinal tract to 
cause floatation. 
Alley (2007) performed a study on porcine carcass decomposition in freshwater 
and chlorinated water in hundred gallon tubs in San Marcos, Texas. She noted that all of 
the porcine carcasses floated when introduced to the water and had protrusion of the 
intestines within 4 days. These characteristics were very similar to the remains in this 
project in that they began floating immediately and had expulsion of the small intestines 
within 7-9 days. 
In a study conducted by Ayers (2010) in Texas porcine carcasses were submerged 
in freshwater and saltwater environments. In this pilot study it was found that expulsion 
of the small intestines occurred within the first three days, and none of the porcine 
remains sank while in the water except when they reached skeletonization, which is 
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consistent with the current project and those described above. These similarities are of 
interest because they indicate characteristics that should be accounted for in aquatic TBS 
systems. Heaton et al. (2010: 303) does not specifically identify intestine expulsion 
except to vaguely note that "exposure of underlying fat and tissues" does occur with a 
decomposition score of five for the torso area. Megyesi et al. (2005) does not mention 
organ expulsion. 
Another stage of decomposition that was difficult to identify was the sunken 
remains stage. According to Megyesi et al. (2005), the remains are considered 
skeletonized when more than 50% of the skeletal material is visible. In aquatic 
decomposition studies this stage is referred to as the sunken remains stage, characterized 
by the remains losing buoyancy and sinking below the waterline (Payne and King, 1972; 
Davis and Goff, 2000; Hobischak and Anderson, 2002; Anderson and Hobischak, 2004; 
Chin et al., 2008). In this project the stream remains did not sink below the waterline 
until seven days after it had reached skeletonization according to Megyesi et al. (2005). 
An additional difficulty found with the stream remains was the determination of 
the skeletonization stage. This was due to algae and silt accumulation on these areas 
making visibility poor. On day 38 the stream remains were determined to be 
skeletonized, as more than 50% of the skeletal elements were visible for the abdomen, 
and advanced stages of decomposition for the other body areas gave a TBS score of 23. 
Six days later (day 44) the stream remains began to lose buoyancy and they completely 
submerged below the waterline on day 45. 
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This seven day discrepancy is significant, because it delineates a timing difference 
between the skeletonization stage and the sunken remains stage. The portion of the 
remains that continued to float, after reaching skeletonization, was the neck and thorax 
regions where adipocere was present. Adipocere has been found to slow decomposition, 
preserving the remains (Cotton, 1987; Haglund, 1993; Kahana et al., 1999; Rodriguez, 
2006; Notter et al., 2009), and it floats on water (Bardale, 2011). With the stream 
remains the adipocere probably slowed the rate of decomposition and caused flotation of 
the neck and thorax portions of the remains. This would have caused the discrepancy 
between the skeletonized and sunken remains stages and attributed to the large difference 
present between the skeletonized and sunken remains stages. 
Two additional variables that could have caused the remains to be suspended 
above the waterline for the period between the skeletonized remains and the sunken 
remains were the algae and water level. The moss accumulation on the stream remains 
below the waterline most likely protected the remains from decomposition and made a 
base for the skeletal elements above the waterline to rest upon, giving the appearance that 
they were floating. As the water level decreased the moss was lost and the skeletal 
elements began to sink and were moved away from the body. This along with the small 
fluctuations in the water level made it difficult to identify if remains were floating or 
resting on the bottom. On day 45 the water level increased and allowed the researcher to 
view the anterior thorax barely below the waterline, indicating that the remains had lost 
buoyancy and had submerged. 
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On day 16 the soft tissue of the thorax of the SP remains undeiWent skin 
dehydration, causing it to have a leathery appearance and harden, referred to as 
mummification. On the DP remains there was dehydration and partial mummification on 
the left hindlimb and the anterior half of the body by day 15. These areas were exposed 
above the waterline and were not shaded during the afternoons, allowing for full sun 
exposure. In the stream environment there was plenty of shade, and the remains never 
mummified. 
Haglund (1993) reviewed forensic remains from the Seattle, Washington and New 
York City areas in order to better understand aquatic decomposition. One set of remains 
had exposure of the anterior thorax to the sun and wind above the waterline and 
undeiWent mummification. This is important to note as it indicates that even remains in 
environments with a high amount of humidity may have portions undergo dehydration 
and mummification from extensive sun and wind exposure. 
V ass (200 1) describes that the skin remaining after the insect and bacterial 
activity subsides has little nutritional value and dehydrates into "leathery or parchment-
like sheet which clings to bone". This description fits the thorax area of the SP remains 
on day 7 when the water level was low and the epidermis was sloughing away from the 
body, allowing for insect activity underneath this protective layer of skin (Figure 16). 
The next day the remains had an orange color on the thorax. On day 11 the water level 
increased, and the dehydrated remains regained their light pink skin color until day 16 
when the water level decreased again, and the tissue became black and brown in color 
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and began to mummify. On day 45 when the remains were removed from the water the 
thorax was mummified. 
This mummification of remains is described as occurring during advanced decay 
in most cases in arid environments by Galloway et al. (1989) and in a typical coastal 
rainforest in British Columbia with porcine carcasses (Dillon and Anderson, 1995). 
Mummification occurs in dry climates because the humidity is low (Marks and Tersigni, 
2005). This lack ofhumidity prevents fly and maggot activity (Mann et al. , 1990; Goff, 
2009) which assist in decomposition (Mann et al., 1990). These observations do not 
support why the thorax of the SP remains underwent mummification as the humidity 
readings from the weather station for the study ranged from 38-100% and were in a water 
environment. 
Clark et al. (2006) noted that natural mummification can occur when the remains 
lose fluid through evaporation and undergo extreme periods of heat or cold. As described 
earlier the SP remains had a significant decrease in the water level, and the data logger 
identified the ambient temperature around the remains as high as 137.2°F. This with the 
sun and wind exposure on those days led to dehydration of the skin and later 
mummification. This suggests that humidity may not play as strong of a role in 
mummification as was priorly reported, as long as heavy sun exposure is accrued. 
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TBS 
The determination ofTBS for the remains turned out to be more difficult, due to 
their position in the water. The TBS stages in Megyesi et al. (2005) omit the bloat stage 
described by Payne and King (1972), Payne (1965), Vass (2001), and Carter and Tibbett 
(2008). This stage is identified as when the remains show signs of putrefaction and gas 
buildup at the abdomen and ends when the skin is punctured and there is a release of 
those internal gases. In an aquatic environment the bloat phase is significant, because it 
allows researchers to identify when the remains are undergoing putrefaction but are not 
fully in a state of active decomposition when the whole body undergoes visible signs of 
decomposition. In aquatic settings this buildup of gases accentuates the flotation of the 
abdomen of porcine carcasses, causing this area to be prominently positioned above the 
waterline, while other body parts are submerged, causing a variable rate of decomposition 
for each area of the body. 
Heaton et al. (2010) addressed aquatic decomposition and identified s~ages 
specifically for decomposition in water environments. This would have been favorable in 
this project as it identifies bloating as mild to extensive, but this system describes 
characteristics specific to humans. One such characteristic was hair loss on the head, 
which cannot be used when working with a research model that is relatively hairless. An 
additional problem was that the stages of decomposition were not identified, making it 
impossible to compare remains in aquatic and terrestrial environments using both Heaton 
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et al. (2010) and Megyesi et al (2005). It was for this reason the stages of decomposition 
for the aquatic remains were identified using the Megyesi et al. (2005) method. 
ADD 
The univariate analysis of variances indicated that the weather station data were 
significantly similar to the data for the DP and stream sites but not the SP site. This is 
significant because in forensic situations data loggers will not be present on remains, and 
ADD will be determined using the local weather history from stations often miles away. 
The SP remains were statistically different, indicating that large variation does exist when 
the water level decreases and remains are subjected to full sun. 
Mann et al. (1990), Marks and Tersigni (2005), and Carter and Tibbett (2008) 
note that temperature is one of the most influential factors of decomposition. The current 
results support this fmding, with the SP remains decomposing at a faster rate than the 
other remains. This is most likely due to a decrease in the water level causing the 
remains to be positioned directly on mud that was dark in color and retained the heat 
from the day. In addition, the SP site was in an open area away from tree cover, causing 
the remains to be exposed to the sun during sunny days. These variables would have 
caused the temperature around the remains to be significantly higher and overshoot the 
optimal window for decomposition causing mummification of the thorax and decreasing 
the decomposition rate. 
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As identified in the results, the data logger at the SP site recorded an ambient 
temperature range of55.2 °F to 137.2 °F around the SP remains. This was significantly 
higher than the weather station range of 48.7 °F to 99.6 °F and the ranges identified by 
data loggers at the other aquatic sites. This could indicate an inaccuracy with this data 
logger; however, the sun exposure, water level, and sediment color described above 
suggest that these readings are accurate and explain the different decomposition rates and 
patterns seen with the SP remains. 
In research conducted by Heaton et al. (20 1 0) the equation which they established 
for PMSI estimation was: 
(TADS+3.707) 
ADD = 10 7.778 
where T ADS (Total Aquatic Decomposition Score) is based off of a 25 point TBS system 
equated from human forensic cases recovered from water habitats. To test the accuracy 
of this equation with data collected in this research a T ADS of 20 was determined for the 
stream remains on day 24: The stream remains were used, because they had fewer 
changes in water level than both of the pond sites, which is a variable Heaton et al. 
(2010) warns against using with this equation. Using the equation above ADD for this 
day would be 1116.75. According to the weather station on that day, ADD equaled 1644 
and for the data logger they equaled 1680. That is a difference of 527.25 to 563.25, 
which in this environment could be a matter of 8 days variability. The underlying 
problem with the TADS system is that it utilized characteristics specific to human 
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remains, making it difficult to identify decomposition seen in human remains to that of 
nonhuman models. 
Another equation used to estimate PMI was described by Vass (200 1) utilizing the 
formula: 
1285 
y=--
x 
where y is the number of days it takes to reach skeletonized or mummified remains and x 
is the average temperature in centigrade during the whole decomposition process. This 
equation was determined for remains in terrestrial deposits, so data from the weather 
station for the terrestrial control remains were used to test the accuracy of this equation. 
The average temperature over the whole decomposition process was 64.79°F (18.22°C) 
which yields a y = 70.53 days. In all it only took them 13-14 days to reach 
skeletonization which indicates that this equation is very inaccurate. If the 14 days is 
substituted for y, the x would equal 91. 78°C which is also far from accurate. 
This significant diffe.rence in the outcomes of the Heaton et al. (2010) and Vass 
(2001) equations for estimating ADD and the number of days it takes for a set of remains 
to reach skeletonization or mummification could be attributed to utilizing different 
species for the comparisons. It could also be due to each equation being determined for 
multiple sites where a large number of variables are present and could have had an effect 
on the rate of decomposition. Marks and Tersigni (2005) also described having problems 
using the formula given by Vass (200 1) and stated that further research was being 
performed to address this issue. As to date an accurate system has not been identified. In 
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further research conducted at the ORF with ADD human remains should be used to 
identify the accuracy of the equations, including that found from this project, to identify 
if the discrepancy is due to interspecies variation or additional variables present in the 
various environments. 
Invertebrate Activity 
As noted earlier maggot masses were present on the remains for 11 to 15 days. 
All maggot masses on the aquatic remains were positioned at elevated areas or 
centralized portions of the remains that were away from the waterline. These were 
especially apparent on the DP and stream remains, where the water level was typically 
higher than that of the SP remains. In the beginning of the project, when the water level 
was undergoing minor fluctuations, the maggot masses were positioned horizontally 
across the exterior of the remains. As the water levels increased the maggots changed to 
vertical positions, allowing their spiracles to extend out of the water for respiration, and 
they continued to feed upon the submerged portions of the remains (Figure 20). This 
same positioning was described by Payne and King (1972). If the water level increased 
and the remains submerged the maggots undulated their bodies and were able to carry 
themselves toward areas of the carcass that were not submerged or to other objects such 
as surrounding rocks or the shoreline. This same activity was noted by Payne and King 
(1972) and Hobischak and Anderson (2002). 
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At the SP and DP remains there was a high maggot mortality rate, which was 
indicated by a high amount of maggot carcasses around the remains in the water. This 
high maggot mortality could have occurred with the stream remains and the maggot 
carcasses were carried downstream by the current, making carcass fatality difficult to 
identify. A high occurrence of maggot fatality was also documented in the study by 
Payne and King (1972); however, Hobischak and Anderson (2002) found that there was 
not a high fatality rate of maggots around their remains. This difference in maggot 
fatality could be due to the position of the remains in relation to the shoreline in each 
study. If the maggots on the remains in the Hobischak and Anderson (2002) study were 
close to the shoreline they could have undulated through the water and reached the 
shoreline before drowning. In the Payne and King (1972) study the fetal pig carcasses 
were placed in metal tanks. If the sides of the tank were tall there may have not been a 
way for the maggots to escape the tank when the remains began to submerge, causing a 
high fatality rate. 
The slowed decomposition noted between the DP and stream site could have been 
due to the decrease in maggot activity with the fluctuating water levels (Payne and King, 
1972; Mann et al. , 1990; Hobischak and Anderson, 2002). According to Goff (2010) 
eggs are ovideposited within the remains and begin consumption of the internal remains. 
Eggs are also deposited externally on remains and consume the remains from the outside 
in (Goff, 2010). This could indicate why the remains at the DP site and the stream site 
had a significant increase in decomposition between day 9 and 11 for the DP remains and 
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days 15 and 16 for the stream remains as internal feeding activity would have been 
difficult to identify. Within these periods the remains changed from bloated to early 
decay due to the caving in at the abdomen and extensive maggot activity. 
The snails utilized the remains solely for protection or as a resting place, placing 
them in the category of adventive species. The frogs were interested in the blow flies and 
dragonfly activity around the remains (predators), and the dragonflies were attracted to 
the remains and the activity around it (accidentals). Blow flies ovideposited on and in the 
remains (predators), the maggots consumed the remains (necrophages), and the spiders 
made webs to consume the adult blow flies (predators) (Goff, 1993, 2010). 
Hobischak and Anderson (2002:148) described having a similar insect succession 
pattern as Payne and King (1972); however, the number of insect species and families 
were "significantly lower in the aquatic habitats than in terrestrial habitats in the same 
forest." In contrast, Payne and King (1972) observed more insect species on the 
carcasses in the water than on the land (Payne and King, 1972). In this project the 
number of invertebrate families far exceeded that of the terrestrial invertebrates. At the 
terrestrial control sites there were blow flies, true flies, mosquitoes, beetles, butterflies 
and ants. At the aquatic sites there were dragonflies, diving beetles, water scorpions, 
midge larvae, spiders, frogs, damselflies, bees, and aquatic earthworms in addition to the 
blow flies, true flies, and mosquitoes, noted at the terrestrial sites. These results are 
similar to those found by Payne and King (1972). It is this variability in species that 
makes it difficult to identify an insect succession accurate enough for PMSI estimations 
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(Catts and Goff, 1992; Goff, 1993). Merritt and Wallace (2010) and Haskell et al. (1989) 
suggest that future research on the life cycle of the chironomid midge may prove useful 
in estimating the duration of submersion for a set of remains in forensic investigations. 
Snails were present on the remains close to the waterline during all stages of 
decomposition. Since most snails consume detritus and algae with only an occasional 
invertebrate, probably consumed on accident (Voshell, 2002), it is assumed they were 
utilizing the remains for protection and a resting location, categorizing them as an 
adventive species (Goff, 1993; 2010). The smaller snails (Physa spp.) at the SP site were 
clinging to the remains in a similar fashion as they were seen holding onto the 
surrounding reeds and the rocks that protruded above the water. The large snails 
(Prosobranchia: Bithyniidae) at the DP site rested on the remains both at the waterline 
and on top of the remains but never far from the waterline. 
The bee (Polistes dominula) that was collected at the SP remains would be 
identified as a predator of necrophagous species (Goff, 1993; 2010). Payne and King 
(1972) also noted the attraction of yellow jackets and baldfaced hornets to their remains 
when their remains are floating and bloated. According to Byrd and Castner (20 1 0) bees 
are attracted to decomposing remains, because they feed on the blow flies that are 
present, honeybees may be feeding on the fluids from the decomposing remains and those 
from the Vespidae family have been observed tearing off chunks of tissue and flying 
away with it. Payne and King (1972) also noted that the bees were preying upon the 
adult blow flies, the maggot eggs, and the juices of the bloated pigs. In the current 
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project the bees were never seen around the decompositional fluid from the remains. 
Also, bees were not documented around the remains until day 30, but it is possible that 
bees will be attracted to remains earlier in the decomposition process, when adult blow 
fly activity is high. Bees were noted at the SP site and the terrestrial control sites as early 
as day 7. 
At the stream site freshwater shrimp identified as scuds (Ampipoda: 
Crangonyctidae) were recovered from below the remains in sediment collections. 
Duband et al. (20 11) described two forensic cases recovered in freshwater environments, 
where investigators noted a large number of freshwater shrimp, Gammarus pulex, were 
swimming around the remains, on the remains, and, in one case, inside the lungs of the 
remains. From analysis of the soft tissues they were able to identify that the Gammarus 
pulex were feeding on the human remains, leaving behind superficial cutaneous lesions 
that were not oval or crater in shape, attributing them to this certain species' 
anthropophagous tendencies. Benecke (200 1: 1 0) described that Raimoni and Rossi, in 
1888, discovered that Gammarus pulex recovered from a freshwater environment were 
present on corpses and producing "needle-like lesions". Haglund (1993) further 
emphasizes the presence of crustaceans around remains submerged in freshwater rivers 
with a set that had soft tissue destruction on the abdomen, lips, and nose from the feeding 
of crustaceans, such as crabs and shrimp. 
It is possible that this species of scud has anthropophagous or zoophagous 
tendencies that could explain their presence around the stream remains. This information 
50 
is beyond the scope of this project as the remains were not removed from the water until 
they reached skeletonization where little of the soft tissue remained. This made it 
impossible to identify the presence of cutaneous lesions on the soft tissue. 
Vertebrate Scavenging 
As described earlier there were six vertebrate taxa viewed around the remains. 
The blue heron, squirrels, and muskrat did not show interest in the remains. The raccoon 
and the coyote made attempts to get near the SP remains but were restricted due to the 
mud between the kennel and the bank. At the stream site on day 13 a turkey vulture 
approached the remains by a low hanging branch directly over the kennel but was 
restricted from the remains by the kennel. At the control terrestrial sites the chicken wire 
did not restrict vulture activity. On day 7 terrestrial control remains A 1 underwent organ 
expulsion, and a black vulture consumed portions of the skin and organs in the abdominal 
area that it could reach through the chicken wire. Also on day 7 a turkey vulture was 
sighted on the terrestrial control remains A2 and pecked a hole into the left hindlimb of 
the remains. A hole on the left hindlimb was also noted from vulture activity on day 1. 
A species that was of interest in this project was that of the American bullfrog. In 
the pre-experiment phase of the project one adult bullfrog was spotted at the shoreline of 
the DP site. In the pre-experiment aquatic collection at the SP site and the DP tadpoles 
were collected to establish the presence of this species prior to the placement of the 
remams. As the project advanced the activity ofboth the adult and immature bullfrogs 
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began to change with their presence increasing as the experiment progressed. Bullfrogs 
were commonly sighted on top of the stream remains and daily 5-10 would be present on 
the shoreline near the DP remains as it advanced into the decay phase. Tadpoles were 
commonly present in aquatic collections and sighted around the remains. 
This increase in adult bullfrogs around the DP and stream site can be correlated to 
the increase in blow fly activity around the remains; however, the researcher never saw a 
bullfrog consume an aerial invertebrate, even when an opportunity presented itself 
(Figure 40). Below the waterline tadpoles would swim around the remains, moving close 
to it and then backing away. It was unclear if this activity was to consume the remains or 
if their presence around the remains was solely for protection against aquatic predators. 
On the last day of the experiment, day 45, a tadpole three times of the size of 
those normal sighted around the remains and a large Giant Water Bug (Hemiptera: 
Belostomatidae) were collected from within the abdominal region of the stream remains. 
The large size ofboth of these species suggests that each fed upon the remains, consumed 
other aquatic insects that fed upon the remains, or escaped predation from each other and 
other taxa by hiding within the remains. 
Tadpole predation, and carnivorous and predaceous cannibalistic activities have 
been identified in prior research studies with anuran tadpole species. Bragg (1964) 
describes earlier findings of predaceous tendencies with spadefoot (Scaphiopus 
bombifrons) larvae toward tadpoles of other species in natural waters. Heyere et al. 
( 197 5)' s study demonstrated that Leptodactylus pentadactylus tadpoles fed upon Bufo 
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marinus tadpoles. Petrank:a et al. (1998) noted carnivorous tadpole activity with certain 
anuran species that preyed on eggs or tadpoles of other anuran taxa, and predaceous 
cannibalism was identified in anuran species when the tadpoles were in small puddles 
(Heyer, 1975), with tadpoles feeding upon the bodies of those that had died, those that 
had left and returned to the area, and those that were in advanced stages of 
metamorphosis (Bragg, 1964). These studies did not note similar activity with American 
bullfrogs making it unclear as to whether the tadpoles in this current research were 
displaying carnivorous activities or not. 
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Conclusion 
In 2002 Haglund and Sorg edited their first forensic taphonomy volume with a 
large section dedicated to aquatic environments. In their literature review they noted that 
the majority of studies completed in this area had been on disarticulation of remains and 
fluvial transport and called for more research in the field of decomposition. Students and 
researchers alike have responded to this gap in taphonomic research and the literature on 
this topic has grown exponentially. Today, more is understood about decomposition in 
saltwater environments (Hobischak and Anderson, 2002; Anderson and Hobischak, 2004; 
Lewis et al., 2004; Alley, 2007; Anderson, 2010; Ayers, 2010; Dickson et al., 2011) and 
freshwater environments in a variety of different bodies of water around the world 
(Ebbesmeyer, 2002; Haglund and Sorg, 2002; Hobischak and Anderson, 2002, Anderson 
and Hobischak, 2004; Alley, 2007; Chin, 2008; Ayers, 2010; Heaton et al., 2010). 
The current project is believed to be the first of many in determining the rate of 
decomposition, body and water temperatures, and invertebrate and scavenger activity 
around remains in a freshwater habitat in the Northeastern United States. Additional 
research in freshwater decomposition in the Northeastern United States should include 
the use of underwater cameras at each site. Rodriguez (2006) noted that fish and turtles 
were observed consuming submerged remains. Small fish primarily consumed the 
fingers, toes, lips and ears causing small erosions on the tissue. Turtles can cause 
significant damage in the form of scalloped pits on all exposed areas of the body. Bigger 
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turtles are capable of producing crushing injuries to the facial bones, which needs to be 
understood in later skeletal analysis. Clark et al. (2006) also noted that fish and turtles 
were able to remove flesh from bone effectively. In the pond where SP and DP were 
placed snapping turtles (Chelydra serpentina) were sighted lounging on logs and old tires 
near the remains. In the stream there were small schools of fish present in the water. 
Neither the fish nor the turtles were sighted showing interest in the remains. Future 
research with underwater cameras may allow researchers to view the snapping turtles and 
fish in this area to better identify the activity of these taxa around the remains. 
As underwater imaging technology advances, research on invertebrate activity 
below the waterline will be available for analysis. This information will be valuable in 
assisting researchers identify if the remains are consumed by underwater vertebrates or 
invertebrates. If invertebrates are visible researchers will be able to identify which 
aquatic species are necrophagous, omnivorous, adventive, predators or parasites, or 
accidentals (Goff 1993, 2010) around remains. A better understanding of this activity 
below the waterline will assist future researchers to identify what postmortem artifacts 
are caused by certain species so they are not mistakenly attributed to human interactions 
with the remains. 
Another benefit the underwater camera provides for future researchers is the 
ability to place remains at various depths in ponds and streams. Water fluctuations and 
depth have been addressed in the literature, but still little is understood as to how it 
impacts the decomposition process. In this study the remains had to be placed in areas 
55 
that were accessible to researchers in waders to allow invertebrate collection and 
visibility of the remains to perform TBS identification. It was because of this that the SP 
remains underwent extreme water fluctuations and had significant differences in its rate 
of decomposition compared to the other aquatic sites. If underwater cameras could be 
used the remains could be placed at deeper depths in the same body of water and analysis 
could be performed with little to no researcher disturbance, providing a more accurate 
review of freshwater decomposition. 
Additional research on decomposition in the Northeastern United States, with a 
habitat similar to that of Holliston, Massachusetts, should be performed on nonhuman 
and human remains that are submerged in water, in a surface deposit, and buried to 
develop a new set of stages that combine the decomposition stages identified by Payne 
and King (1972), Goff(1993), Vass (2001), Hobischak and Anderson (2002), Megyesi et 
al. (2005), Carter and Tibbett (2008), Goff (20 1 0), and Merritt and Wallace (20 1 0). A 
preliminary table has been constructed for both terrestrial and aquatic environments 
identifying stages of decomposition by the insect activity and changes the body 
undergoes (Table 11). Ideally this table will be used in other research to develop a new 
TBS system for this area of the United States. 
The advantage of nonhuman remains as research models in decomposition studies 
is that they allow the researcher to build a larger sample size to determine what variables 
are statistically significant by limiting individual variation (VanLaerhoven and Anderson, 
1996; Simmons et al. , 2010). In this study nonhuman models were used due to limited 
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resources of human remains and the larger sample size it allowed the researcher to 
review. In future studies conducted on freshwater habitats in this area more nonhuman 
models should be used, unless a large number of human remains are available. If human 
remains can be used researchers could compare nonhuman and human research models in 
terms of invertebrates that are attracted and their activity around the remains, review 
ADD to see its accuracy between the two species, create a more accurate aquatic TBS 
system for human and nonhuman remains using Heaton et al. (20 1 0) and Megyesi et al 
(2005), and determine a regression equation for PMSI estimations specific to human 
remams. 
Another area of freshwater decomposition that needs to be reviewed is flotation. 
As was described earlier, multiple freshwater decomposition studies have noticed 
variability in floatation of the remains when they are first introduced to the water. As 
Alley (2007), Ayers (2010), Anderson and Hobischak (2002), O'Brien and Kuehner 
(2007), and this project have shown a high degree of variation is present for human and 
porcine remains, and those placed in saltwater or freshwater. What factors impact this 
flotation of remains would be of interest to all researchers working with aquatic 
environments. 
Catts and Goff (1992) identified studies in South Carolina as having as many as 
522 taxa show interest in fetal pig remains. Davis and Goff (2000) had 109 taxa in their 
study of arthropods on pig remains in two intertidal habitats in Hawaii. In the current 
research 42 families were identified, making it necessary for additional research to be 
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done with an emphasis on invertebrate activity in these habitats. In this research the 
researcher will need to perform a destructive test in which the remains would be removed 
from the study at set intervals so all invertebrates present on and around the remains are 
collected. This research would benefit forensic entomology, as little research in aquatic 
environments has solely reviewed aquatic invertebrates and their utility in creating a 
sophisticated system ofPMSI estimation. Merritt and Wallace (2010) suggested that 
caddisflies, black flies, midges, mayflies, and stoneflies may prove to be especially 
beneficial in PMSI estimations for forensic investigations. 
As stated by Heaton et al. (2010:302), each body of water is unique in its 
"biological, physical, and chemical properties". These unique characteristics make it 
important that research in different bodies of water be performed, to provide future 
researchers with a better understanding of the variables that impact decomposition. In the 
current project research reviewed the impact climate, environment, and invertebrate 
activity had on remains in a Northeastern microhabitat. This information along with the 
position of each set of remains helped to establish a better method for TBS and ADD 
determination for PMSI estimation and an understanding about some of the variables 
present in water environments that affect decomposition. Future research in this area will 
be necessary to further review these variables and how each impacts the other in terms of 
estimating the rate of decomposition. 
In prior research terrestrial remains underwent a higher amount of invertebrate 
and scavenger activity allowing them to progress through decomposition at a rate 2-3 
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times faster than those in aquatic environments (Payne and King, 1972; Mann et al., 
1990; MacDonell and Anderson, 1997; Hobischak and Anderson, 2002; Rodriguez, 2002; 
Bass, 2006; Rodriguez, 2006; Chin et al., 2008). This variation emphasizes how 
important research in freshwater environments is to understanding the decomposition 
process. As was identified earlier it is hard to control the variables present in a body of 
water. As more studies are developed and executed, researchers will add to the body of 
knowledge about variables present in aquatic decomposition studies and their impact on 
PMSI estimation. Future researchers should develop methods to isolate insect activity, 
water fluctuations, sunlight, water depth, and the other variables ever present in 
decomposition studies to better understand their importance in PMSI estimations. 
More than 140,000 lives worldwide are claimed by water each year (Heaton et al., 
201 0). Terrestrial crime scenes receive excessive amounts of attention as they are 
surveyed, tagged, marked, scrutinized, re-evaluated, and studied. Remains in aquatic 
habitats have challenges associated with them that make research difficult; however, they 
require the same amount of attention from researchers. Through more research 
decomposition in aquatic habitats be better understood and methods of PMSI 
determination discovered, aiding forensic scientists in uncovering the truth behind human 
remains recovered in aquatic environments (Haglund, 1993; VanLaerhoven and 
Anderson, 1996; Haglund and Sorg, 2002; Hobischak and Anderson, 2002; Merritt and 
Wallace, 2010). 
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Appendix A. Tables 
Stages of decomposition for the Head and Neck 
Fresh 
1pt !Fresh, no discoloration 
Early Decomposition 
2pts 1. Pink-white appearance with skin slippage and some 
hair loss. 
3pts ~- Gray to green discoloration: some flesh still relatively 
fresh. 
4pts ~-Discoloration and/or brownish shades particularly at 
edges, drying of nose, ears and lips. 
5pts f4. Purging of decompositional fluids out of eyes, ears, 
nose, mouth, some bloating of neck and face may be 
present. 
6pts ~. Brown to black discoloration of flesh. 
Advanced decomposition 
7pts 1. Caving in of the flesh and tissues of eyes and throat. 
8pts \2. Moist decomposition with bone exposure less than one 
half that of the area being scored. 
9pts ~. Mummification with bone exposure less than one half 
that of the area being scored. 
Skeletonization 
10pts 1. Bone exposure of more than half of the area being 
scored with greasy substances and decomposed tissue. 
11pts \2. Bone exposure of more than half the area being scored 
with desiccated or mummified tissue. 
12pts 3_. Bones largely c!ry, but retainin_g_ some grease. 
13pts 4. Dry bone. 
Table 1 Stages of decomposition for the head and neck (Megyesi et al., 2005). 
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Stages of decomposition for the Trunk 
Fresh 
lpt Fresh, no discoloration 
Early Decomposition 
2pts 1. Pink-white appearance with skin slippage and some hair 
loss. 
3pts 2. Gray to green discoloration: some flesh still relatively 
fresh. 
4pts 3. Bloating with green discoloration and purging of 
decompositional fluids. 
5pts 4. Post bloating following release of the abdominal gases, 
with discoloration changing from green to black. 
Advanced decomposition 
6pts 1. Decomposition of tissue producing sagging of flesh; 
caving in of the abdominal cavity. Caving in of the 
flesh and tissues of eyes and throat. 
7pts 2. Moist decomposition with bone exposure less than one 
half that of the area being scored. 
8pts 3. Mummification with bone exposure less than one half 
that of the area being scored. 
Skeletonization 
9pts 1. Bones with decomposed tissue, sometimes with body 
fluids and grease still present. 
I Opts 2. Bones with desiccated or mummified tissue covering 
less than one half of the area being scored. 
llpts 3. Bones largely dry, but retaining some grease. 
12pts 4. Dry bone. 
Table 2 Stages of decomposition for the trunk (Megyesi et al., 2005). 
61 
Stages of decomposition for the Limbs 
Fresh 
1pt Fresh, no discoloration 
Early Decomposition 
2pts 1. Pink-white appearance with skin slippage ofhands 
and/or feet. 
3pts 2. Gray to green discoloration; marbling; some flesh still 
relatively fresh. 
4pts 3. Discoloration and/or brownish shades particularly at 
edges, drying of fingers, toes, and other projecting 
extremities. 
5pts 4. Brown to black discoloration, skin having a leathery 
appearance. 
Advanced decomposition 
6pts 1. Moist decomposition with bone exposure less than one 
half that of the area being scored. 
7pts 2. Mummification with bone exposure less than one half 
that of the area being scored. 
Skeletonization 
8pts 1. Bone exposure of more than half of the area being 
scored, some decomposed tissue and body fluids still 
remaining. 
9pts 2. Bones largely dry, but retaining some grease. 
10pts 3. Dry bone. 
Table 3 Stages of decomposition for the limbs (Megyesi et al., 2005). 
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TBS for the each site 
Stage of Al A2 SP Stream DP 
decomposition 
Fresh 1 1 1 1 1-2 
Early Decomposition 2-10 2-10 2-9 2-19 3-15 
Advanced 11-12 11-13 10-15 20-34 16-19 
Decomposition 
Skeletonization 13+ 14+ 16+ 44+ 24+ 
Table 4 TBS for all remains utilizing Megyesi et al. (2005). 
ADD for each site 
Days to reach Weather Station Data logger 
skeletonization or 
sunken remains. 
A1 13 837.4 N/A 
A2 14 907 N/A 
SP 16 1050.25 1,120.18 
DP 24 3,122 1,683.6 
Stream 45 3,187 3,264.31 
Table 5 ADD determination for each site according to the data logger and the weather 
station temperature readings based on the number of days it took for the remains to reach 
skeletonization (Megyesi et al., 2005). 
Univariate Analysis of Variance for each site 
D d tV . bl T epen en ana e: tur empera e 
Type III Sum 
Source Of Squares df Mean Square F Sig. 
Corrected 746.974 a 3 248.991 7.403 .000 
Model 959712.918 1 959712.918 28532.949 .000 
Intercept 746.974 3 248.991 7.403 .000 
Sites 
Table 6 Univariate analysis of variance to test between the sites. 
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Post Hoc Analysis for each site 
Multiple Comparisons 
95% Confidence Interval 
(J) Mean 
Sites Sites Difference (I- Std. error Sig. Lower Upper 
J) Bound Bound 
SP DP 3.9821 1.22266 .001 1.5691 6.3950 
3.8099 1.22266 .002 1.3969 6.2228 
Stream 5.5334 1.22266 .000 3.1205 7.9464 
Controls 
DP SP -3 .9821 1.22266 .001 -6.3950 -1.5691 
-.1722 1.22266 .888 -2.5851 2.2408 
Stream 1.5514 1.22266 .206 -.8616 3.9643 
Controls 
Stream SP -3 .8099 1.22266 .002 -6.2228 -1.3969 
DP .1722 1.22266 .888 -2.2408 2.5851 
1.7236 1.22266 .160 -.6894 4.1365 
Controls 
Controls SP -5.5334 1.22266 .000 -7.9464 -3.1205 
DP -1.5514 1.22266 .206 -3.9643 .8616 
-1.7236 1.22266 .160 -4.1365 .6894 
Stream 
Table 7 Post hoc analysis using Fisher's LSD on SPSS 16.0. 
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I Invertebrates Collected at the DP Site and their Stage of Development 
Phylum and Order and Genus and Species Decompositional Stage 
Class Family or Common Name PE F ED AD s 
Annelida 
Clitellata Rynchobdellida Helobdella stagnalis A 
Hirudinea Glossiphoniidae Leech 
Arthropoda 
Arachnida Actinedida Sperchon spp. A A, 
Sperchonidae Water mite I 
Araneae Pirata spp. A A 
Lycosidae Wolf Spider 
Pisauridae Dolomedes spp. A 
Fishing Spider 
Tetragnatha Tetragnatha laboriosa A 
Long-jawed Orb 
Weaver 
Crustacea Amphipoda Hyalella spp. A 
Malacostraca Talitridae Scud, Side Swimmer 
Isopoda Caecidotea spp. A A A A 
Asellidae Aquatic Sowbug 
Collembola Symphypleona Bourletiella spp. A 
Bourletiellidae Springtail 
Insecta Coleoptera Anodocheilus spp. A 
Adephaga Predaceous Diving 
Dytiscidae Beetle 
Haplidae Peltodytes spp. A 
Crawling Water Beetle 
Polyphaga Chaetarthria spp. A 
Hydrophilidae Water Scavenger 
Beetle 
Diptera Phormia spp. A 
Brachycera Black Blow Fly 
Calliphoridae 
Chrysomyinae 
Curtonotidae Humpbacked Fly A 
Luciliinae Lucilia magnicornis A 
Green Bottle Fly 
Scathophagidae Dung Fly A 
Dolichopodidae Longlegged Fly A I 
Nematocera Midge A, I I I I 
Chironornidae I 
Culicidae Orthopodomyia spp. A A 
Mosquito 
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Dixidae Dixid Midge A 
Stratiomyidae Stratiomys spp. I 
Aquatic Soldier Fly 
Hemiptera 
Belostomatidae Giant Water Bug A A 
Coreidae Leaf-footed bug I 
Gerridae Metrobates spp. A A A A A 
Water strider 
Nepidae Ranatra nigra A 
Water scorpion 
Veliidae Smaller Water Strider A 
Odonata Aeshna spp. I I A A I 
Anisoptera Darner 
Aeshnidae 
Erythemis simplicicollis A A A I 
Eastern Pondhawk 
Libella Lydia A A A 
Common Whitetail 
Pachydiplax A A A A A 
longipennis 
Blue Dasher 
Perithemis tenera A A A 
Eastern Amberwing 
Sympetrum spp. I I 
Tramea spp. I 
Zygoptera Clopteryx maculata A A A A A 
Calopterygidae Ebonyjewelwing 
Coenagrionidae Narrow-winged I I I 
damselflies 
Mollusca Basommatrophora Physa spp. A A 
Gastropoda Physidae Tadpole Snail 
Pulmonata Physinae 
A=Adult, !=Immature 
Table 8 Invertebrates collected at the DP site and the stage of decomposition following 
Megyesi et al. (2005). 
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Invertebrates Collected at the SP Site and Their Sta e of Development 
Phylum Order and Genus and Species or Decompositional Stage 
and Class Family Common Name PE F ED AD s 
Annelida 
Clitellata Rynchobdellida Gloiobdella elongata A A 
Hirudinea Glossiphoniidae Leech 
Oligochaeta Aeolosomatida Aeolosoma spp. A 
Aeolosomatidae Aquatic Earthworm 
Aphanoneura 
Arthropoda 
Arachnida Actinedida Sperchon spp. A 
Sperchonidae Water mite 
Araneae Pirata spp. A A 
Lycosidae Wolf Spider 
Tetragnathidae Tetragnatha laboriosa A A 
Long-jawed Orb Weaver 
Crustacea lsopoda Caecidotea spp. A A A 
Asellidae Aquatic Sowbug 
Insecta Coleoptera Anodocheilus spp. A A 
Adephaga Predaceous Diving Beetle 
Dytiscidae 
Laccophilinae Laccophilus spp. A, I 
Predaceous Diving Beetle 
Haplidae Peltodytes spp. A 
Craw ling Water Beetle 
Polyphaga Riffle Beetle A 
Elmidae 
Ancyronyx spp. A A 
Riffle Beetle 
Dubiraphia spp. A 
Riffle Beetle 
Hydraenidae Limnebius spp. A A 
Minute Moss Beetle 
Hydrophilidae Chaetarthria spp. A A 
Hydrophilinae Water Scavenger Beetle 
Helophorus spp. I 
Water Scavenger Beetle 
Staphylinidae Quedius spp. A 
Oxyporinae Cross-Toothed Rove Beetle 
Diptera (Pupa) I 
Brachycera 
Calliphoridae Phormia spp. A 
Chrysomyinae Black Blow Fly 
Luciliinae Greenbottle Fly A A, I A, I 
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Phormia Black Blow Fly A 
Curtonotidae Humpbacked Fly A 
Muscidae House Fly A 
Phoridae Scuttle Fly A 
Nematocera Long-homed Fly I 
Hemiptera Giant Water Bug A A A A 
Belostomatidae 
Hebridae Merragata spp. A 
Velvet Water Bug 
Gerridae Metrobates spp. A 
Water striders 
Hymenoptera Polistes dominula A 
Vespidae European Paper Wasp 
Lepidoptera Moth I 
Odonata Darner I I 
Aeshnidae 
Calopterygidae Clopteryx maculate A I 
Ebony jewelwing 
Coenagrionidae Narrow-winged Damselfies I 
Libellulidae Erythemis simplicicollis A A I 
Eastern Pondhawk 
Epitheca Spinigera A 
Spiny Baskettail 
Libella Lydia A A I 
Common Whitetail 
Perithemis tenera A A I 
Eastern Amberwing 
Pachydiplax longipennis A A I A A, 
Blue Dasher I 
Sympetrum vicinum I A A 
Yellow-legged 
Meadow hawk 
Trichoptera Potamyia spp. I 
Hyropsychidae Caddisflies 
Mollusca Basommatrophora Physa spp. A A A 
Gastropoda Physidae Tadpole Snail 
Pulmonata Physinae 
A=Adult, !=Immature 
Table 9 Invertebrates collected at the SP site and the stage of decomposition using Megyesi 
et al. (2005). 
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\ Invertebrates Collected at the Stream Site and Their Stage of Development 
Phylum and Order and Genus and Species or Decompositional Stage 
Class Family Common Name p F ED AD s 
Annelida 
Clitellata Rynchobdellida Gloiobdella elongata A A 
Hirudinea Glossiphoniidae Leech 
Helobdella stagnalis A A A 
Leech 
Oligochaeta Aeolosomatida Aeolosoma spp. A 
Aphanoneura Aeolosomatidae Aquatic Earthworm 
Arthropoda Aranea Tetragnatha laboriosa A 
Arachnida Tetragnathidae Long-jawed Orb Weaver 
Tetragnatha elongate A 
Elongate Long-jawed Orb 
Weaver 
Crustacea Amphipoda Hyalella spp. A A A A A 
Malacostraca Talitridae Scud, Side Swimmer 
Isopoda Caecidotea spp. A A A 
Asellidae Aquatic Sowbug 
Insecta Coleoptera Peltodytes spp. A 
Adephaga Crawling Water Beetle 
Haplidae 
Dytiscidae Anodocheilus spp. A 
Predaceous Water Beetle 
Matus spp. I 
Crawling Water Beetle 
Gyrinidae Gyrinus spp. I 
Whirligig Beetle 
Polyphaga Ancyronyx spp. A 
Elmidae Riffle Beetle 
Macronychus spp. A 
Riffle Beetle 
Hydrophilidae Chaetarthria spp. A 
Water Scavenger Beetle 
Diptera Phormia spp. A A 
Brachycera Black Blow Fly 
Calliphoridae 
Chrysomyinae 
Luciliinae Green Bottle Fly A, I A, I 
Ceratopogonidae Mallochohelea spp. I 
Ceratopogoninae Biting Midge 
Chironomidae Midge A,I I I I 
Curtonotidae Humpbacked Fly A 
Sarcophagidae Flesh Fly A 
Sarcophaginae 
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Sciomyzidae Marsh Fly A 
Nematocera Midges A 
Chironomidae 
Hemiptera Gelastocoris spp. 
Gelastocoridae Toad Bug 
Gerridae Metrobates spp. A A A A 
Water strider 
Veliidae Microvelia spp. A 
Smaller Water Strider 
Odonata Aeshna spp. 
Anisoptera Darner 
Aeshnidae 
Zygoptera Clopteryx maculata A A A A 
Calopterygidae Ebony jewelwing 
Orthoptera Pygmy Grasshopper A 
Tetrigidae 
Trichoptera Potamyia spp. I I 
Hyropsychidae Caddisflies 
Mollusca Prosobranchia Mud Snail 
Gastropoda Bithyniidae 
Pulmonata Basommatrophora Physa spp. A A 
Physidae Tadpole Snail 
Physinae 
Lymnaeidea Pseudosuccinea columella A 
Lymnaeinae 
A=Adult, !=Immature 
Table 10 Invertebrates collected at the stream site and their stage of decomposition 
following Megyesi et al. (2005). 
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A 
I 
A 
A 
Decomposition Stages Including both Invertebrate Activity and Bodily Changes 
Fresh Begins: at time of death 
Concludes: when bloating of the body becomes evident 
Description: 
1. Body: is positioned in the water either in a sunken or 
a floating position. A green discoloration may 
develop at the abdomen. Otherwise remains have a 
pink/white appearance. 
2. Invertebrate activity: Calliphoridae (blow flies) and 
Sarcophagidae (flesh flies) are attracted to the body's 
natural openings in the head, anus, genitalia and to 
wounds that are present on the body. Oviposition 
and larviposition will occur both on the external 
portion of the remains and internally. The internal 
eggs may hatch and begin feeding on the remains. 
Bloat Stage Begins: when body begins to undergo putrefaction which 
causes the production of hydrogen, sulfide, carbon 
dioxide, methane gasses. These will produce a slight 
inflation of the abdomen. 
~oncludes: when the outer layer of skin ruptures and gases 
are released through all body openings. 
Description: 
1. Body: bloating of the remains increases at the 
abdomen at first and may progress to other areas 
until the remains have a balloon-like appearance. 
Due to the internal maggot activity and putrefaction 
the body begins to have an increase in internal 
temperature and internal pressure. Fluid and gas loss 
out of the natural openings are noticeable as bubbles 
in the water or in the ammonia odor noted around the 
remams. 
2. Invertebrate activity: Adult Calliphoridae are 
strongly attracted to the portion of the remains above 
the waterline. Silphidae (carrion beetles) are also 
attracted, but may not be able to access the remains if 
the water level is high. Externally there will be a 
significant number of maggot masses around the 
invasion areas. Internally there will be larger maggot 
populations feeding on the remains hidden to 
observers. 
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Decay Begins: with a rupture in the skin from internal gases. 
Concludes: with the migration of the maggots away from the 
remains and only the skin, bone and cartilage remain. 
Description: 
1. Body: There is a strong odor around the remains. 
Adipocere formation commonly occurs at this stage. 
2. Invertebrate activity: Large maggot masses are 
present feeding on the remains, internally and 
externally. As portions of the body are consumed the 
surface area decreases and maggots begin to fall to 
the ground around remains in terrestrial habitats. In 
aquatic habitats the maggots fall into the water and 
their carcasses can be recovered around the remains. 
Those that stay on the remains position themselves in 
a vertical position to continue feeding on remains 
that are below the waterline. The number of adult 
blow flies decreases and the number of Coleoptera 
(Staphylinidae and Histeridae) increases as they feed 
on the maggots. 
Post Decay ~egins: when maggots are no longer feeding on the remains 
and the remains are reduced to just skin, bone, and 
cartilage. 
~oncludes: when more than half of the body has reached 
skeletonization. In aquatic environments remains will 
sink at the end of this stage. 
Description: 
1. Body: The remains consist of skin, bone and 
cartilage. In the aquatic environments the remains 
begin to lose buoyancy and start to sink. 
2. Arthropod activity: In terrestrial environments there 
will be a variety of Coleoptera and Diptera present. 
This very dependent upon the habitat the remains are 
in. At the terrestrial control sites adult Hymenoptera, 
adult Diptera, and adult and larvae Coleoptera were 
documented. At the aquatic sites activity decreased 
to adult Diptera and Arachnida. 
Skeletonization/ Sunken Begins: when bone exposure is more than half of the area 
Remains being scored. In the aquatic environments this phase 
begins when the remains sink. 
Concludes: the end point for this stage is unclear. In 
terrestrial environments it is identified as when dry 
bone is present. In aquatic environments soft tissue 
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may remain as adipocere for an extended period of 
time. Eventually only the skeletal material will 
remain. Very little research has been performed in 
aquatic environments after the remains have sank, 
due to the amount of time necessary to reach 
skeletonization and the decreased visibility. 
Description: 
1. Body: it is unclear what occurs to remains once they 
sink below the waterline, most have noticed aquatic 
scavenging by mink, and benthic arthropods. 
2. Invertebrate activity: No obvious taxa are present 
around the remains in terrestrial environments. The 
remains may be scattered or broken down by 
scavenging and environmental factors. In aquatic 
environments benthic invertebrates such as 
earthworms, snails, and various larvae will occupy 
the area around the remains. 
Table 11 The general phase descriptions for freshwater decomposition in the ORF in 
Holliston, MA using Payne and King (1972), Goff (1993), Hobischak and Anderson (2002), 
Carter and Tibbett (2008), and Goff (2010). 
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Appendix B. Figures 
Figure 1 The SP site at the Boston University ORF (Holliston, MA) 
Figure 2 The DP site at the Boston University ORF (Holliston, MA). 
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Figure 3 The stream site at the Boston University ORF (Holliston, MA). 
Figure 4 The location of terrestrial control Remains Al at the Boston University ORF 
(Holliston, MA). 
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Figure 5 Location of terrestrial control remains A2 at the Boston University ORF 
(Holliston, MA). 
Figure 6 The muslin net used for collecting aerial and aquatic invertebrates 
(Holliston, MA). 
76 
Figure 7 Materials used to perform invertebrate collection and preservation 
(Holliston, MA). 
s;-\- €... f'J\ 0- p 
------- ---/ "PoN,I 
_r 0 - DP S±c!i? A;;:;;------ITA?. cr [D/11'' 
. ' p - SP ' '-
'' '1 ' ' / I' 
-
\ \ I - - - - ' 
' \ 
' ' 
) 
I 
~ I Hous f I Bo.\1', ' 
I CT~~ ~ oyo Ke'{ E 1\l - Corc\- ro\ 1- re.r-> <~,...'S 
N +s t\ ::1- C:on+ro\ ::! ~o:,"s jo.r~~ roc1-"'J S? - ~r\lo w po,....,l rCJY\Q_,~s 
'W S - 5 ·re_o.r-, I'C..""-"-~'f\'=> 
'4 'No\ .)..'"-"'-'" \c. ~u~k 1>P -J.~ep flC',J r<:.Mll• .,5 
Figure 8 Placement of carrion at the Boston University ORF (Holliston, MA). 
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Figure 9 Surveillance camera positioned on a tree to overlook the activity around the 
stream remains (Holliston, MA). 
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Figure 10 Weather Station DVS- 1.4. Located in a field near the terrestrial control 
remains (Holliston, MA). 
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Figure 11 The aquatic remains pr ior to placement in their designated locations 
(Holliston, MA). 
Figure 12 SP remains on the second day. Notice how the abdomen is beginning to 
bloat (Holliston, MA). 
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Figure 13 The DP remains on day 2. The body is submerged except for the 
abdomen and the limbs. The data logger was moved from this position to the 
bottom of the cage on this day to get readings below the waterline (Holliston, MA). 
Figure 14 The Stream remains on day 2. Green discoloration at the abdomen. The 
head and forelimbs are submerged with sediment accumulation (Holliston, MA). 
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Figure 15 The SP remains on day 7. The internal organs are visible and the blow 
fly activity is extensive (Holliston, MA). 
Figure 16 The SP remains on day 7. The superficial skin layer has sloughed away from 
the body and mummified allowing the blow flies to crawl underneath it utilizing it for 
protection from the sun (Holliston, MA). 
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Figure 17 The stream remains on day 7. The head and limbs are submerged and do 
not have maggot eggs. The portions of the body above the waterline are covered in 
maggot eggs. Organ expulsion has occurred at the abdomen (Holliston, MA). 
Figure 18 The SP remains on day 9. The abdomen has extensive maggot activity and 
cranially there is extensive hair loss and a darker color apparent (Holliston, MA). 
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Figure 19 The DP on day 9. Light discoloration on the abdomen and a red 
discoloration cranially. The limbs and the mouth have blow fly and maggot activity 
(Holliston, MA). 
Figure 20 The maggot masses positioned in a vertical position with their posterior 
spiracles protruding above the waterline allowing for respiration and feeding of 
remains below the waterline. Picture taken at the DP site on day 20 (Holliston, MA). 
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Figure 21 The SP remains on day 16. The skeletal remains and decomposition fluid is 
visible at the abdominal area. The remaining soft tissue is mostly mummified 
(Holliston, MA). 
Figure 22 Stream remains on day 20. The remains above the waterline are absent and 
only the submerged portion remains (Holliston, MA). 
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Figure 23 DP remains on day 20. The remains are mostly skeletal remains with 
adipocere (Holliston, MA). 
Figure 24 Stream remains on day 44. Adipocere is floating on the water and the rest 
of the remains have sunken to the bottom of the cage (Holliston, MA). 
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Figure 25 The stream remains that were present when the kennel was removed from 
the water on day 45 (Holliston, MA). 
Figure 26 The DP remains after the kennel and the remains were removed from the 
water on day 45 (Holliston, MA). 
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Figure 27 The SP remains that were present when the kennel and the remains were 
removed from the water on day 45 (Holliston, MA). 
Day TBS 
1 3 
2 5 
3 5 
5 7 
6 8 
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Figure 28 The TBS for Al throughout the decomposition process (Megyesi et al., 
2005). 
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Day TBS A2 TBS Progression 1 3 
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Figure 29 The TBS for A2 throughout the project (Megyesi et al., 2005). 
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1 3 
2 6 
3 6 
5 7 
7 15 
9 19 
11 19 
12 19 
13 19 
15 23 
16 23 
20 25 
24 25 
30 25 
37 27 
38 27 
44 27 
45 27 
30 
25 
20 
TBS 15 
10 
5 
0 
0 
SP TBS Progression 
5 10 
Days 
15 
20 
20 
Figure 30 The TBS for the SP remains throughout the project (Megyesi et al., 2005). 
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Figure 31 TBS for the stream remains throughout the project (Megyesi et al., 2005). 
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Figure 32 The TBS for the DP remains throughout the project (Megyesi et al., 2005). 
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Figure 33 The univariate analysis of variance showed an overall significant difference 
in temperature for the sites. Post hoc analysis revealed SP to have a significant higher 
termperature in comparison to all of the other sites (p<0.05). 
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Figure 34 The linear regression for the Al remains using the weather station (Megyesi 
et al., 2005). 
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Figure 35 The linear regression for the A2 remains using the weather station (Megyesi 
et al., 2005). 
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Figure 36 The linear regression for the stream remains using the weather station 
(Megyesi et al., 2005). 
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Figure 37 The linear regression for the DP remains using the weather station 
(Megyesi et al., 2005). 
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Figure 38 The linear regression for the SP remains using the data logger (Megyesi et 
al., 2005). 
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Figure 39 The young muskrat sighted swimming in the pond near the DP remains on 
day 37 (Holliston, MA). 
Figure 40: Rana catesbiana on the stream remains with a blow fly on its back. 
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